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GENERAL INTRODUCTION
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1.1: INTRODUCTION

"Tastend, zoekend, onze ervaringen mededeelend, de bereikte uit
komsten vergelijkend met die van hen, die in gelijke richting 
werkzaam zijn, zullen wij voetje voor voetje in dit gedeelte der 
wetenschap onzen weg moeten zoeken of banen, overtuigd als wij 
zijn, dat aan de stralentherapie bij de bestrijding van kwaad
aardige gezwellen een toekomst is weggelegd."

(Gaarenstroom, resident surgical clinic. Binnengasthuis Amster
dam, Nederlands Tijdschrift voor Geneeskunde, 1915)

In 1915, in the Nederlands Tijdschrift voor Geneeskunde 
(NTvG), Gaarenstroom [15] published the first results of pa
tients treated with "dieptebehandeling" (deep X-ray therapy, 
orthovolt) in the Dutch Cancer Institute (NKI). In a patient 
treated with X-rays for a recurrence after hemilaryngectomy a 
partial response was noticed. He was convinced that radiotherapy 
should play an important role in the future in the treatment of 
cancer, assuming an improvement step by step. In this thesis the 
role of radiotherapy in the treatment of laryngeal cancer will 
be specified.

Incidence, classification, evolution of treatment for laryn
geal squamous cell carcinoma and, in particular in radiotherapy, 
in the Netherlands will be discussed in this chapter. The objec
tives of this thesis will be outlined.

1.2: LARYNGEAL CANCER: INCIDENCE AND PROGNOSIS

1.2.1: INCIDENCE:

Laryngeal cancer is a relatively rare disease. An average of 
10 patients yearly were treated in the NKI between 1923 and 1948 
[35]. From 1953 till 1955, 216 cases were registered in the Cen
tral Cancer Registration [34], in which data were accumulated 
from 25-40% of all hospitals in the Netherlands. In 1971 admis
sion to a hospital for laryngeal carcinoma was estimated to occur 
in 5/100.000 [22]. Based on registration data of the SOOZ (Sa
menwerkingsorgaan Oncologie Ziekenhuizen) Coebergh [6] calculated
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an incidence of 9.5/100.000 for men, and 0.8/100.000 for women, 
and a prevalence of 80/100.000 and 5/100.000 respectively, in the 
period 1978-1986. Accurate data are available from IKO and IKW 
(Integral Cancer Centers East and West) [41] from 1987, showing 
an incidence of 6/100.000, based on a population of 2.865.036. 
These figures suggest a gradual increase of laryngeal cancer in 
the Netherlands. Incidence rates in the USA are also increasing, 
with an incidence of 5.5/100.000 in 1988 [54].

1.2.2 PROGNOSIS:

If for various reasons (advanced disease, distant meta
stasis, poor general condition, refusal of treatment) patients 
with laryngeal cancer are not treated (5.6%), median survival is 
80 days [48]. Performance status was the only significant 
predictor of survival.

Overall mortality for laryngeal cancer remained stable in 
the USA from 1950-1975 (2.4/100.000) [4], However, corrected 
survival (=laryngeal cancer related survival) improved in the 
USA from 54% between 1960 and 1963 till 63% for white males in 
1970-73 [4]. In 1988 the overall mortality rate was 1.7/100.000 
in the USA [54]. Corrected survival, published in the Nether
lands, showed an increase over the years: 36% in 1923-1948 [35] 
to around 50% in 1947-1958 [34,49], and around 75% in 1978-82 
[6] . The improvement of corrected survival may be related to 
improvement in treatment, early detection, or both.

1.3. LARYNGEAL CANCER: CLASSIFICATION

Classification of laryngeal tumours is necessary for the 
following reasons:

1. For an accurate description of laryngeal cancer and nodal 
extension.

2. To demonstrate a correlation between the described tumour 
characteristics with regard to locoregional control and 
survival.

3. To outline a treatment policy based on these descriptions.
4. To compare results of different studies.

A staging system must be "simple, comprehensive, unambiguous
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and meaningful in management and prognosis..." [38]. For laryn
geal cancer the first classification was produced by Krishaber 
(1879), distinguishing intrinsic (confined to true and/or false 
vocal cords, sinus Morgagni, subglottic area) and extrinsic (ex
tension to epiglottis, aryepiglottic folds and pyriform sinus) 
tumours. Since this classification was open to various interpre
tations, it was abandoned. In 1953 the first T (primary tumour), 
N (lymph nodes) and M (distant metastases) classification for 
the larynx was developed. In 1962 the U.I.C.C. (Union Interna
tional Contre le Cancer) issued a new proposal for TNM classifi
cation of the larynx, revised in 1972, confirmed in 1978, and 
finally revised in 1987 (the latest based on the American Joint 
Commitee (AJC) classification [1]). In Table 1.1 the three dif
ferent T-classif ications of 1962, 1978 and 1987 [21,51,52] are 
given:

TABLE 1.1: Clinical T-classification for laryngeal cancer (OICC): 

SUPRAGLOTTIC:

1962 1978 1987

confined to laryngeal 
surface of epiglottis 

OR
to a ventricular band 
or ventricular cavity 

OR
to an aryepiglottic fold

normal mobility normal mobility
lar. surf, of epiglot. limited to one 
OR (Tla)/ AND (Tib) subsite of the

a ventricular band supraglottis
or ventricular cavity 
OR (Tla)
aryepiglottic fold

involving epiglottis 
extending to ventricular 
band or cavity

extension to the 
glottis
without fixation

> one subsite of 
supragl. or glot. 
normal mobility

extending into the 
cords

confined to larynx 
fixation and/or

deep infiltration

confined to larynx 
fixation and/or

invasion post cric. 
preepigl. tissue 
medial wall s.pyr.

to pyriform sinus direct extension
postcricoid regio, vale- beyond the larynx 
cula or base of tongue.

Thyroid cartilage 
invasion and/or 
extension beyond 
the larynx
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GLOTTIC:

1962 1978 1987

confined to one vocal 
cord, normal mobility

both cords, normal 
mobility OR 
one or both v. cords, 
with fixation

extending from cord to 
sub. or supragl. region

extension through 
cartilage to skin, 
sinus pyriformis, 
post cricoid region

confined to region 
normal mobility 
a:l v.c./ b:2 v.c.

confined to larynx 
extension to supragl. 
or subglot. with 
norm, or impaired mob.

confined to larynx 
fixation one/both c.

direct extension 
beyond the larynx

limited to vocal c. 
normal mobility 
idem

extends to supragl. 
or subgl. and/or 
impaired mobility

limited to larynx 
vocal c. fixation

invasion through 
thyroid cartilage 
and/or extension 
to other tissues 
beyond the larynx

SUBGLOTTIC:

1962 1978 1987

one side of subglot., 
under surface of cord 
excluded

two sides of subgl., 
under surface of cord 
excluded

extending to cords

extension to trachea, 
skin, or post cricoid

confined to the region 
Tla: one side 
Tib: two sides

confined to larynx 
extension to vocal 
normal or impaired 
mobility

confined to larynx 
fixation of v.cord(s)

limited to sub
glottis

extended to vocal 
c. cords,

normal or impaired 
mobility

confined to larynx 
fixation of v.c.(s)

cartilage destruction thyroid or cricoid 
and/or direct extension cartilage invasion 
beyond larynx and/or extension

beyond larynx

Unlike the staging of 1978 and 1987, mobility of the vocal 
cords was not a criterion for glottic tumours in the 1962 clas
sification system. A plea is made [54] to classify T2 glottic 
tumours into T2a and T2b, with respectively normal and impaired 
mobility of the vocal cords (see also chapter III).

The supraalottic region is subdivided in 3 subsites: 
epiglottis, aryepiglottic fold and ventricular band. In 1962
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distinction in T stage was made between one (T,) or more than one 
subsite Tj deleted in 1978, but reclassified in T, and T2 in 
1987. Based on his own results, this last variation has been 
criticized by Ye Ming [56], preferring the classification of 
1978 (see also chapter II). There is no classification for supra- 
glottic tumours with impaired mobility. Impaired mobility should 
be distinguishable classified, for instance as T2b, conforming to 
the classification of glottic tumours (see also chapter III). In 
1978 supraglottic T3 stage was limited to tumours with fixation 
or deep infiltration, without extralaryngeal spread, but this 
classification was extended in 1987, to include invasion of the 
postcricoid area or medial wall of the pyriform sinus.

In Table 1.2 criteria for N-stage are given.

TABLE 1.2: Clinical classification for neck nodes (UICC): 

Nq: No evidence of regional lymph node involvement.

1962 1978 1987

N,: movable and movable and single and
ipsilateral
*

ipsilateral ipsilateral and 
=< 3 cm.

N2: movable and movable and a: single + ipsilat.+
contralateral contralateral > 3, < 6 cm
or bilateral 
*

or bilateral b: >1 node +ipsilat.+
< 6 cm.

c: bi- or contralat. +
< 6 cm.

N3: fixed nodes fixed nodes > 6 cm.
*=a: not considered to contain growth

b: considered to contain growth

In 1962 and 1978 mobility and lateralisation of neck nodes 
were criteria for N-staging. Since assessment of fixation causes 
problems of reproducibility and interinvestigator variations, in 
1987 the N-classification was changed and, like the AJC classifi
cation [1], based on the size, number and laterality of neck 
nodes [46] . This revised classification system of 1987 seems to 
assess prognosis for supraglottic cancer better compared to that 
of 1978 [26,32], although Ye Ming [56] advocates a classifica
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tion, in which size and mobility are incorporated.
When reviewing the literature, comparison of results may be 

difficult, bearing in mind the different classifications. This 
emphasizes that a staging system must be "widely accepted and 
remain constant over a long period of time" [38].

The C-factor, certainty factor, gives the validity of clas
sification according to the diagnostic means. Classification may 
rely on standard diagnostic means (C1( e.g. inspection, palpa
tion and standard radiography, intraluminal endoscopy), or may 
be obtained by special diagnostic means (C2, e.g. radiographic 
imaging in special projections, tomography, CT, MRI, ultrasono
graphy) , or pathological data from surgical exploration (C3), or 
definitive surgery and pathological examination of the resected 
specimen (C4) [21]. CT scans may demonstrate extension of laryn
geal carcinoma in the horizontal plane (pre-epiglottic space, 
extra-laryngeal spread) more accurately than laryngoscopy [13,19] 
, however, distinction between tumour and normal tissue or mucus 
pooling may be impossible [40], giving cause for bias. Carti
laginous invasion may be better evaluated by MRI [5]. Inclusion 
of radiological data [30] and/or pathological data [10] will 
result in up-staging [38] and make reliable comparison diffi
cult. For this reason diagnostic means, used for the classifi
cation of a laryngeal tumour, must be mentioned in published 
reports.

1.4: LARYNGEAL CANCER, HISTORY:

To show the evolution of the management of laryngeal cancer 
in the Netherlands and in particular the role of radiotherapy, 
a review of publications in the Nederlands Tijdschrift voor 
Geneeskunde (NTvG) from 1898 to 1990, and theses discussing 
treatment of laryngeal cancer is presented. Laryngeal cancer was 
mentioned in 65 publications, mainly in abstracts of the meetings 
of the Dutch ENT society (42).
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1898-1950: Pre-Megavolt era:

It is notable that soon after the discovery by Conrad 
Röntgen in 1895 X-rays were already applied for therapy. Leopold 
Freund, a dermatologist, treated in 1896 a hairy naevus with 
X-rays, using multiple fractions in two weeks overall treatment 
time. Bequerel got the idea of using radium, discovered in 1898, 
to treat skin cancer, since he noticed a severe burn of the 
skin, caused by radium-salt stored in his waistcoat pocket [14].

In 1897 the therapeutic use of X-rays was introduced in the 
Netherlands, mainly to treat benign skin diseases (lupus, favus, 
et al.). The first report of irradiation of skin cancer was pub
lished in 1901 by Bollaan [2]. Meijers [36] reported in 1904 a 
cure for skin cancer using 30 fractions in 2 1/2 months. In 1909 
v.d. Goot [20] discussed for the first time in the NTvG results 
of radiotherapy in 11 patients treated for glossopharyngeal-la
ryngeal cancer. Treatment was given two to three times weekly. 
When erythema of the skin was noticed a split period of 3-4 weeks 
was introduced. In none of the treated cases a response was seen.

After a detailed description of the state of the art of 
radiotherapy in 1914 [14], Gaarenstroom of the Dutch Cancer 
Institute published in 1915 [15] preliminary results of the 
first 56 patients treated for cancer with "deep X-rays". One of 
the patients was treated for laryngeal cancer. Gaarenstroom 
reported a partial tumour response. By thorough investigation, 
the importance of acute side effects, tumour regression and 
overall treatment time were discussed. Gaarenstroom was also the 
first in the NTvG to propose pre-operative radiotherapy for 
advanced tumours (1917) [16].

By radium application after total laryngectomy complete 
response of a laryngeal cancer, invading the base of the tongue, 
was attained by van Gangelen in 1924 [17]. Radium application 
after fenestration of the thyroid was propagated by Finzi and 
Harmer in 1928 [12].

From the beginning, mainly two fractionation schedules were 
developed. A concentrated-single dose method (Wintz) and a frac
tionated method (Schwartz, Coutard). In Germany, röntgen therapy

8



for laryngeal cancer was given with a single high dose, result
ing for many patients in laryngeal necrosis and severe oedema 
6-12 months after radiotherapy [55]. Radiotherapy for laryngeal 
cancer was hence abandoned in Germany for many years. However, 
in France, Coutard reported in 1922 at an international otola
ryngology meeting the first successful irradiation of laryngeal 
cancer (6 cases) with the use of fractionated radiotherapy, 
daily fractions, 6 weeks treatment time [55].

In the Netherlands from 1928 to 1950 laryngofissure was re
commended for small intrinsic tumours (St. Clair Thompson 1923, 
Simons 1936, de Kleyn 1939) [31,44,47], sometimes combined with 
postoperative radiotherapy (Wassink 1926, den Hoed 1937) [8,25]. 
Cure rate was 65% [8]. For advanced tumours fractionated radio
therapy according to "Coutard" was the treatment of choice 
(Simons 1936, den Hoed 1937) [8,44], with a success rate of 25%. 
When positive lymph nodes were present, combination therapy was 
advised [8].

Multiple treatments per day were used in the 1930's for ap
propriate cases by Schwartz and Coutard. The first reported 
multiple fractionation schedule was presented in the NTvG by van 
Nieuwenhuyse in 1948 [37]. She reported a case showing progres
sive laryngeal disease during conventional daily fractionation, 
therapy was therefore changed to two fractions a day. A complete 
response was obtained.

Results of radiotherapy for laryngeal cancer from 1923 to 
1948 are discussed in the thesis of Meijer (1951) [35]. Fractio
nated radiotherapy according to "Coutard" resulted in late la
ryngeal necrosis, oedema or pneumonia in 35/62 cases. When 
dysphagia occurred early in the course of radiotherapy more late 
complications were seen. Because of the many side effects the 
treatment schedule (accelerated daily dosage until 400 r.; 5000 
- 6000 r. total dose) was changed.

1950-1990: The Megavolt era:

Since for small tumours results of radiotherapy and surgery 
did become equivalent, surgery had to take a step down in favour 
of radiotherapy (Waar en Schölte 1954, v Dishoek 1958) [11,53].
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Daily radiation dose should not exceed 200 to 300 r. and treat
ment time should be within 6 to 10 weeks [53].

In a paper titled "De vooruitgang van de kankertherapie" 
(progress in cancer therapy) Struben [49] however, still advo
cated primary surgery (chordectomy) for very small tumours, 
since in his opinion this was a less radical treatment. For more 
advanced tumours of the vocal cord primary radiotherapy was 
proposed. For tumours with fixation of the vocal cord total 
laryngectomy was the preferred treatment. In his thesis (1961) 
[50] a plea for postoperative radiotherapy in advanced cases was 
made. This statement was proven by de Jong (thesis 1975) [27], 
showing significant better regional control after combination 
therapy, compared to those obtained after laryngectomy only. The 
corrected survival rate was increased from 64% to 78% (T2_4 
U.I.C.C. 1972).

A selective role for radiotherapy in advanced tumours was 
for the first time proposed by van Dishoek (1958) [11]. When 
50% of the intended dose was given, regression of the primary 
tumour was evaluated. For tumours showing insufficient regres
sion laryngectomy would be performed, possibly combined with 
postoperative radiotherapy. This treatment strategy has been 
adopted in later years by Dr. Daniel den Hoed Cancer Centre and 
University Hospital Utrecht. Later on v. Dishoek proposed a plan
ned combination therapy of pre- and postoperative radiotherapy 
for advanced laryngeal cancer ("sandwich" therapy, thesis of 
Hordijk) [23].

Over the last twenty years the guality of life is of in
creasing importance. Hence voice preservation is aimed for, 
either by radiotherapy or by partial laryngectomy. Due to 
technical improvements (Megavolt, altered fractionation schedu
les) late radiation damage decreased (S den Hoed-Sytsema 1961) 
[9] and survival with radiation alone improved (Penn 1965, 
Rietjens 1969) [39,42]. To optimize local control, in other 
words the quality of life, dose response was evaluated. In 1970 
a dose-response-relationship for superficial tumours of the 
vocal cords (n=75) was computed by Kraalen and Den Hoed-Sytsema 
[28] . Local control was correlated to fraction size, total
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tumour dose and overall treatment time, expressed in a formula. 
Karim, in his thesis in 1977 [29], also studied dose reponse for 
laryngeal carcinoma. Dose response was seen for T2 glottic and 
possibly T3_4 tumours. He recommended 66 Gy/ 33 fractions, 5 
times weekly for T1, 68-72 Gy for T2 and 72-76 Gy for T3_4 tumours. 
Indications for radiotherapy thus have increased over the last 
20 years. tumours will be nearly all treated by radiotherapy 
(Huygen 1978, Snow and Karim 1982) [25,45], independent of in
volvement of anterior commissure (Hordijk 1977) [24], Small T3_4 
tumours, without stridor or positive lymph nodes, may be irradi
ated, saving the larynx in 50% [25,29,45]. Groll (1985) [7] 
emphasizes the importance of a close follow-up for irradiated 
patients. Vertical partial laryngectomy, still retaining the 
voice, may be successfully used for patients with limited local 
recurrence of a small T, or T2 glottic tumour. Salvage rate was 
90% (n=28), with a 20% complication rate.

Horizontal supraglottic laryngectomy may be used for selec
ted cases of T1 or T4 supraglottic cancer (Schouwenburg 1982, 
v.d. Broek 1986) [3,43]. A new treatment modality as primary 
treatment of small superficial midcordal laryngeal tumours, by 
evaporation with the C02 laser, is discussed by Mahieu (1990) 
[33], with no recurrence in 25 patients, claiming better quality 
of voice compared to irradiated cases; however follow-up was 
short.

Most patients in this thesis were treated in the University 
Hospital Utrecht. Previous results of patients treated in the 
University Hospital Utrecht were published in the NTvG by Ger
lings and Rietjens [18,42]. Patients were treated in the period 
1957-1966. Objectives for choices between various treatment moda
lities were: highest chance of cure and, for equal cure rates, 
preference for the least mutilating therapy. The results of 
radiotherapy improved over the years, and became equivalent to 
surgery for tumours with mobile vocal cords. So for patients with 
mobile vocal cords radiotherapy was recommended. Slowly prolife
rating tumours were assumed to be less radiosensitive. For 
tumours with impaired mobility of vocal cords, for advanced 
supraglottic tumours, for patients with otalgia or laryngeal 
stenosis, surgery was preferred, since it seemed to offer the 
best cure rates. Female patients showed the best survival rates
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[18]. Psycho-social distress was, sometimes temporarily, common 
in women who received a total laryngectomy. So, a plea was made 
to lend psycho-social support to these patients by an experienced 
staff, starting immediately after laryngectomy [18]. Rietjens 
[42] focussed on improvement of results by early detection of 
laryngeal cancer and prevention (smoking).

1.5: OBJECTIVES OF THIS THESIS

The objectives of this thesis are:

1. To analyse by uni- and multivariate methods the data of pa
tients treated for laryngeal cancer. Patients are subdivided 
into the various T-categories, obtaining more homogeneous 
groups of laryngeal cancer.

2. To define prognostic factors for survival, local and 
regional control after radiotherapy, and for ultimate 
locoregional control after salvage surgery (partial or total 
laryngectomy and/ or neck dissection).

3. To attempt a refined treatment recommendation, based on 
these prognostic factors.

4. To define an optimal fractionation schedule for advanced 
laryngeal cancer.

5. To discuss future prospects to improve the therapeutic ratio 
in advanced laryngeal cancer.

Chapters II, III and IV describe results from patients treated 
for laryngeal cancer with radiotherapy with respectively stage 
Tlf T2 and T3_4 (UICC classification of 1978). Patients were 
treated at the radiotherapy department of the University Hospital 
Utrecht between 1975 and 1985 (1981-1985 for T3.4 tumours).
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Chapters V and VI describe results of patients treated for T3 
laryngeal cancer in the University Hospitals and two Cancer 
Institutes (Dr. Daniel den Hoed Cancer Centre and Antoni van 
Leeuwenhoek Hospital) in the Netherlands between 1975 and 1984. 
These data were obtained from a retrospective study by the Dutch 
Cooperative Head and Neck group (NWHHT). Besides treatment propo
sals, tailored to T-stage, based on conclusions from chapter 
II-VI, future prospects in therapy are discussed in chapter VII.
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ABSTRACT:

From 1975 through 1985, 194 patients with T1 glottic, 37 patients 
with T1 supraglottic, and 3 patients with T1 subglottic cancer were 
treated with radiotherapy. Local control and ultimate locoregional 
control (after salvage surgery) was 91% and 97% for T, glottic, 84% 
and 77% for T1 supraglottic, and 2/3 and 3/3 respectively for sub
glottic tumors. In uni- and multivariate analysis local control 
for glottic tumors was associated with extension of the tumor on 
the vocal cord (entire length of the vocal cord vs others, p=0.01) 
and continuation of smoking after therapy (yes /no, p=0.03). No 
prognostic factor for local control was found in supraglottic 
tumors. However, regional control and survival, were impaired by 
N stage (N0 vs N+, p<0.0005), local recurrence (yes /no, p<0.0005), 
and extension of the tumor (one supraglottic subsite vs more than 
one, p<0.05) . Mild late complications were seen in 13% of patients 
without salvage therapy. Following univariate analysis field size, 
fraction size (>2 Gy) , maximum tumor dose (>70 Gy) , age, post 
treatment biopsy, and tumor site were associated with complication 
rate. Following multivariate analysis, site, fraction size, maximum 
tumor dose, and continuation of smoking after therapy were indepen
dent prognostic factors for mild late complications (mostly ary
tenoid edema).

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

Key words: Early laryngeal cancer. Radiotherapy, Prognostic fac
tors, Locoregional control. Survival, Complications.

INTRODUCTION:

Radiotherapy as the primary treatment for T. glottic cancer has 
been advocated by many centers. Local control rates are excellent. 
For T1 glottic cancer published data show an 80-90 % local control 
rate, and an 70-85% local control rate for T, supraglottic cancer. 
The purpose of this study is to discover by uni- and multivariate 
analysis prognostic factors for locoregional control and survival, 
as well as to evaluate risk factors for complications. Based on 
these prognostic factors, treatment may be adjusted for selected

18



Prognostic factors in T1 laryngeal cancer. Terhaard et al. 

cases or follow-up may be intensified.

METHODS AND MATERIALS:

Patients characteristics:

From 1975 through 1985, 236 patients with T,/ Tcjs (212/24) 
laryngeal cancer were irradiated at the radiotherapy department of 
the University Hospital of Utrecht. Two patients were not con
sidered in this analysis, one died of intercurrent disease during 
the course of radiotherapy (cardiac failure) and an other patient 
refused completion of radiotherapy after 40 Gy. A laryngectomy was 
also refused by this patient.

The remaining 234 patients were either followed until death or 
for a minimum period of 3 years (maximum follow up 131 months, 
median follow-up 70 months).

Prior to the start of radiotherapy, direct laryngoscopy and 
biopsy under general anesthesia were performed in all patients. The 
site and the extension of the tumor were assessed. The lesions were 
staged according to the UICC (1978).

In 194 patients, the tumor was confined to the glottic region, 
all N0. In 18 patients (9%) the floor of the sinus Morgagni and in 
47 patients (24%) the anterior commissure was involved.

In 37 patients the tumor was confined to the supraglottic re
gion, 6 patients (1 N,, 5 N3) had positive lymph nodes. The three 
subsites: epiglottis, false vocal cord and aryepiglottic fold, 
were involved in 27, 18, and 5 cases respectively. One pure 
arytenoid carcinoma was seen. In 25 patients the tumor extension 
was confined to one subsite only (T1a); in 12 patients more than 
one subsite was involved (T1b) .

Three pure subglottic tumors (defined as > 5 mm underneath the 
vocal cord) were diagnosed, with a positive lymph node in one 
patient.

The mean age was 63.5 years (range 32-92 years). Twenty-two 
patients were female (9.4%), with a preference for the supraglottic
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tumors (24% vs 7% for the glottic tumors (p=0.002)). Distribution 
of pathological grade by site is shown in Table II.1.

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

TABLE II.1: Distribution of pathological grade by site.

glottic
n=194

supraglottic
n=37

subglottic
n=3

carcinoma in situ 23 (12%) 1 (3%) -

squamous cell carcinoma:
well differentiated 63 (32%) 7 (19%) -
moderate differentiated 54 (28%) 15 (40%) 2
poorly differentiated 12 (6%) 10 (27%) -
undifferentiated - 2 (5%) -
grade not specified 39 (20%) 2 (5%) 1

others: 3 (2%)* - -

* verrucous carcinoma (2), carcinosarcoma (1)

Patients with carcinoma in situ were treated with radiotherapy 
only when more than one location was suspected of harboring this 
premalignant lesion.

Smoking of cigarettes and/or cigars occurred in 95 % of the 
patients.

Therapy:

In all cases a plastic cast was used to immobilize the head and 
neck of the patient. Patients were treated with either a 60Cobalt 
teletherapy unit (n=186) or with a 4 MV beam from a linear acceler
ator (n=48), in a continuous course.

The treatment volume depended on the site of the tumor. The 
patients were treated with parallel opposed lateral fields, using 
wedge filters to produce a homogeneous dose in the treated area.
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For glottic tumors, the radiation field included the thyroid 
and cricoid cartilage, resulting in a mean 22.5 cm2 field size 
(range 13.0-54 cm2).

In supraglottic tumors, the field size depended on nodal 
stage. For N0 patients, the larynx and jugular lymph nodes were 
treated using parallel opposed lateral fields to a total dose of 
50 Gy, with a daily fraction of 2 Gy. After 50 Gy the field size 
was reduced to the tumor bearing area and a boost was given of, 
generally, 16-20 Gy in 8-10 fractions.

For patients with positive neck nodes the volume treated 
included the entire neck and supraclavicular nodes. Shrinking of 
the size of irradiated volume was achieved after 50 Gy, daily 
fractions of 2 Gy, and a boost dose was given to the positive neck 
nodes. The spinal cord was shielded after 40 Gy and the shielded 
part was treated with electrons to a dose of 10 Gy in 5 fractions.

For 3 out of 5 patients with N3 nodes, radiotherapy was 
combined with hyperthermia [12]. Regional tumor progression during 
the course of radiotherapy resulted in laryngectomy and a neck dis
section after 56 Gy in one patient.

The prescribed dose to the volume of interest was in general 
66 Gy (range 58-68 Gy) for glottic and subglottic tumors and 68 Gy 
for supraglottic tumors (range 60-70 Gy) and for positive neck 
nodes, with a fractionation of 2 Gy five times weekly. Thirteen 
patients were treated four times weekly with a daily dose ranging 
from 2 to 2.35 Gy, to a mean total dose of 64.5 Gy (range 56 - 68 
Gy). See Figure II.1 for the dose distribution.

To assess the importance of overdosage in the treated volume, 
possibly correlated with complication rate, all treatment plannings 
were reviewed and the maximum dose was calculated.

Statistics:

For univariate analysis the SPSS/pc, version 2.0, program was 
used. Local control data and ultimate locoregional control (inclu
ding salvage therapy) are reported. Absolute values were calculated 
using the chi square test and the Mann Whitney test for statistical 
significance. Local control and survival data were also analyzed 
using the actuarial method of Kaplan and Meier, with the log rank 
test for differences between subgroups of patients. Corrected sur
vival (only death related to laryngeal cancer) was calculated.

Prognostic factors in T1 laryngeal cancer. Terhaard et al.
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Multivariate analysis, using Cox's step by step proportional ha
zards regression analysis and logistic regression analysis, was 
performed with the BMDP version 1985 computer program.

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

140-

120 -

Fig. II.1: Dose distribution for laryngeal cancer (n=234).

RESULTS:

Local control: Prognostic factors and statistical analysis:

Local control was achieved in 176/194 (91%) of the glottic 
tumors, in 31/37 (84%) of the supraglottic tumors, and in 2/3 sub
glottic tumors (see Table II.2).

The actuarial cumulative 5-year local recurrence free survival 
for glottic tumors was 90%, and was not significantly different 
from that of supraglottic tumors (83%, p=0.1), see Figure II.2.
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TABLE II.2: Locoregional recurrences, salvage rate and ultimate 
locoregional control for T: laryngeal cancer (absolute values).

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

glottic
n=194

supraglottic
n=37

subglottic
n=3

T rec. 16 2 1
} 18 } 6

T + N rec. 2 4 -

} 3 } 7
N rec. 1 3 —

Salvage rate 13/19* 2/9 1/1

Ultimate loco- **188/194 (97%) 30/37 (81%)** 3/3
regional control

* two partial laryngectomies were performed
** glottic vs supraglottic, p=0.0006

% LOC. REC. FREE SURV.

0 6 12 18 24 30 36 42 48 54MONTHS

T1 SUPRA. 
Tl GLOT.

Fig. II.2: Actuarial local recurence free survival, glottic vs 
supraglottic (p=0.1).
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The interval between the start of radiotherapy and the detec
tion of a local recurrence varied between 0 (residual disease) and 
51 months, with a mean of 19 months.

Univariate analysis: For glottic tumors 3-year actuarial local 
control rates for different subgroups are shown in Table II.3 and
II.4. In Table II. 3 the relation between extension of the tumor 
on the vocal cords and the recurrence rate is shown. Local control 
rates were significantly lower for tumors involving the entire 
vocal cord (p<0.005) and for patients who did not stop smoking 
after therapy (p<0.05) (see Table II.4). Unfortunately, there was 
a lack of data concerning their smoking habits after therapy for 
20% of the patients. No significant dose response relationship 
could be demonstrated; however, the variation in dose distribution 
was small. Mean age and field size were also not significantly 
different for patients with (64 year, 26 cm2) or without local re
currence (62 year, 22.2 cm2).

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

TABLE II.3: T, glottic cancer: Local recurrence and ultimate loco- 
regional control (after salvage therapy), related to location of 
the tumor on the true vocal cord:

Location: no. Loc. rec. Ult. locoreg. control

anterior 1/3 85 (44%) 8%* 97%
median part 40 (21%) 3%** 98%
posterior part 8 (4%) 13% 8/8
entire vocal cord 36 (19%) 22% 98%
both cords (near
anterior commissure) 17 (9%) 6% 94%

unknown 8 0 8

* in 1 patient no salvage therapy attempted 
** in 1 patient partial laryngectomy performed
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TABLE II.4: T, glottic cancer, risk factors for local control, 
ultimate locoregional control after salvage therapy, univariate 
analysis:

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

n 3-year act. 
local contr.(%)

ult. locoreg. 
control (%)

women/men 13/ 181 100/ 89 100/ 97

anterior commis
sure yes/ no 47/ 147 85/ 92 96/ 97

sinus Morgagni 
yes/ no 18/ 176 83/ 91 100/ 97

entire vocal 
cord/ others 36/ 158 76/ 93** 97/ 97

stopped smoking 
yes/ no 88/ 51 96/ 85* 98/ 94

* p=<0.05, ** p=<0.005

For Supraglottic tumors actuarial local control rates are 
given for various subgroups in Table II.5. No significant dif
ferences in local control were shown between the various subsites, 
Tla and T1b, nodal stage and histological grade. Sex, age, field 
size, tumor dose and changing of smoking habits had no significant 
impact on local control. However, only four patients stopped smok
ing after therapy!

Multivariate analysis: No significant prognostic factor was 
found for supraglottic cancer. For glottic tumors, extension to the 
entire vocal cord (p=0.01) and continuation of smoking after 
therapy (p=0.03) were independent prognostic factors for local 
control. Age, dose, extension to the anterior commissure or ven
tricle were not prognostically important for local control.

25



Prognostic factors in T1 laryngeal cancer. Terhaard et al.
TABLE II.5: T1 supraglottic cancer: risk factors for locoregional 
control, ultimate locoregional control (ult.1.r. c.) after salvage 
therapy:

n 3-year act. regional 5-year act.
local contr.(%) contr.(%) ult.l.r.c.(%)

women/ men 9/ 28 76/ 86 89/ 79 71/ 80

1/ >1 subsite
(T1a VS T1b)

25/ 12 82/ 83 **92/ 58 82/ 64*

T1aN0 vs N+ 23/ 8 85/ 88 **96/ 63 81/ 75

V N+ 31/ 6 86/ 67* 87/ 50 80/ 60

Differentiation:
Gcis+1/G2/G3 8/15/10 88/71/90 83/73/79 88/58/79

* p<0.1, ** p<0.05.

Regional control: Prognostic factors and statistical analysis:

Regional control was achieved in 97% of N0 (220/227) and 4/7 
N+ patients (p<0.002). For N0 supraglottic patients (n=31) 
actuarial regional control was significantly worse compared to 
glottic tumors (84% and 98% respectively; p<0.005). A local re
currence also significantly diminished actuarial regional control 
(74%, n=25), compared to patients without a local recurrence (98%, 
n=209), p<0.0001.

The interval between neck node recurrence and radiotherapy 
varied between 0 (residual disease) and 50 months, with a mean of 
16.4 months.

Univariate analysis: Nodal stage (N+ vs N0) , tumor site (supra
glottic N0 vs glottic), and local recurrence (yes vs no ) predicted 
diminished nodal control significantly. If we consider supra
glottic tumors separately (see Table II.5), regional control was 
significantly worse for tumors with extension to >1 subsite (T1b) , 
compared to tumors confined to 1 subsite (T1a, p=0.05). Age, field 
size, tumor dose, and histological grading had no significant 
effect on regional control.
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Multivariate analysis: Clinically positive lymph nodes (p <
0.0005), occurrence of local relapse (p < 0.0005), and stage 
(supraglottic T1b p<0.05) were prognostic factors for regional 
control. If supraglottic tumors are analyzed separately, only two 
independent prognostic factors were present: local relapse 
(p=0.002) and T1b stage (p=0.002).

Ultimate locoregional control:

Enhanced by a higher salvage rate (glottic 68%, supraglottic 
22%), a significantly better ultimate locoregional control was 
shown for glottic tumors (p=0.0006, see also table II.3) . All three 
subglottic tumors showed ultimately locoregional control. For 10 
patients with a nodal recurrence neck dissection could be performed 
in six, two patients were successfully salvaged.

In glottic tumors 13 out of 19 locoregional recurrences were 
successfully salvaged by surgery, two partial laryngectomies were 
performed. Thus, voice preservation was achieved in 178/194 (92%).
No significant difference in ultimate locoregional control was 
seen for the various subgroups of glottic tumors (see also Table 
II.3 and II.4) .

In supraglottic tumors, only 2 of 6 local recurrences were 
suitable for salvage surgery. In one patient (residual disease 
after 56 Gy) salvage surgery was successfully performed. For the 
various subgroups, ultimate locoregional control was lower for T1b 
(64%) , compared to T1a (82%), although the difference was not sig
nificant (p=0.1).

Survival:

Univariate analysis: In Table II.6 some possible prognostic
factors and their influence on corrected survival is given. 
Corrected actuarial survival for supraglottic tumors is signifi
cantly lower compared to glottic tumors (p=<0.0001). Local failure 
also reduced corrected survival significantly in both groups (see 
Figure II.3) .

Prognostic factors in T1 laryngeal cancer. Terhaard et al.
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TABLE II.6: Corrected survival, T1 glottic and supraglottic cancer, 
univariate analysis:

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

n 5-year act. p
corr. surv.

glottic / supraglottic 194/ 37 97/ 74% <0.0001
glottic / supraglottic N0 194/ 31 97/ 83% <0.001

selection glottic:
entire vocal cord / others 36/ 158 97/ 97% ns
stopped smoking yes / no 88/ 51 98/ 94% ns
local recurrence yes /no 18/ 176 71/ 99% <0.0001

selection supraglottic:
region 1 / >1 25/ 12 87/ 49% <0.025
N0 / N+ 31/ 6 76/ 33% <0.05
local recurrence yes / no 6/ 31 33/ 82% <0.025

% CORR. SURV.

MONTHS

Fig. II.3: Actuarial corrected survival, local recurrence yes (+) 
vs no (.) for T: glottic cancer (p<0.0001), yes (a) vs no (*) for 
T, supraglottic cancer (p<0.025).
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In glottic tumors, no prognostic factor other than local 
failure could be demonstrated for corrected actuarial survival. In 
supraglottic tumors, however, besides local failure, clinical nodal 
stage and T1b stage were prognostic factors for corrected actuarial 
survival. Following multivariate analysis local relapse (p=0.003) 
and stage (supraglottic T1b vs T1a, p=0.011) were independent 
prognostic factors for corrected survival.

Complications:

In patients without a local relapse (n=209) the complication 
rate was 13% (n=27). Most patients with complications had a mild 
laryngeal edema (n=20), lasting longer than 6 months after radio
therapy. In two patients a severe laryngeal edema necessitated a 
temporary trachea cannula. Xerostomie was seen in four patients.

Factors possibly influencing complications in patients without 
a local relapse, are shown in Table II.7. Following univariate 
analysis post treatment biopsy, field size, fraction size (220 + 
235 cGy vs 200 cGy), and, especially for glottic tumors, maximum 
dose in the treatment volume (<= 71 Gy vs > 71 Gy) , were signifi
cantly associated with complication rate. Younger patients showed 
a marginally significant higher complication rate.

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

TABLE II.7: Complication rate in T1 laryngeal cancer, some prog
nostic factors for patients without a local relapse, univariate 
analysis:

Complication YES
n=27

NO
n=182

P

glottic tumors n=176 6.8% <0.0001
supraglottic n= 37 48.4%
mean field size (CM2) 59 29 <0.0025
mean minimal tumor dose (Gy) 65.4 65.2 n. s.
mean maximum dose

in treated volume (Gy) 70.8 69.6 0.088
mean max. dose glottic tumors (Gy) 72.7 69.7 0.008
mean age (yr) 60.3 64.2 0.055
fraction size 220/235 cGy n=9 56%

} 0.0007
200 cGy n=200 11%

Post treatment biopsy 0 n=164 7.3%
} <0.0001

1-4 n= 45 33%

29



Following multivariate analysis, independent variables were, 
in order of importance: site (glottic vs supraglottic, p<0.0005), 
continuation of smoking after therapy (p=0.001), fraction size 
(p=0.031) and maximum tumor dose (p=0.011).

Twenty-two patients received salvage surgery for local or 
regional recurrence. In 13 of 22 patients (59%) complications were 
seen, 8 fistulas, 3 permanent trachea cannulas and 2 wound dehis
cences. For patients treated with a (partial) laryngectomy the 
complication rate was associated with field size (30 cm2 or less 
in 7 of 14 patients, greater than 30 cm2: all of 6 patients, 
p=0.04). Maximum dose in the treated volume and age did not con
tribute to the complication rate. Following multivariate analysis 
no independent prognostic factors were found.

Prognostic factors in T1 laryngeal cancer. Terhaard et al.

DISCUSSION:

In a review Stalpers et al. [31] showed egual survival rates 
for primary radiotherapy and surgery for T1 glottic cancer. Radio
therapy is accepted as the primary treatment because of the obvious 
advantage of voice preservation and voice quality. Our 5-year ac
tuarial corrected survival rates for T, glottic (97%) and T, supra
glottic (74%) are comparable to the published data of other 
authors. In this study we paid particular attention to possible 
factors predicting locoregional control, survival and complications 
for early glottic and supraglottic cancer.

T1 glottic cancer:

The local control rate was 91% and an ultimate locoregional 
control rate of 97% was obtained for T1 glottic cancer. These 
results compare very well with those of many other centers [4,5,6, 
9,10,13,15,19,21-24,27-29]. However, few of these reports have 
dealt with possible factors predicting a successful outcome of 
treatment. Multivariate analyses were not performed in any of these 
studies.

Since tumor extension on the entire vocal cord [2,25,33,39] or 
the posterior 2/3 [14,28] , or invasion of the anterior commissure
[2], can be a possible negative prognostic factor, we analyzed 
tumor extension in relation to local relapse. According to multi
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variate analysis on tumor extension, the only independent negative 
prognostic factor was involvement of the entire length of the vocal 
cord. To improve local control in these tumors, a higher dose, such 
as 68-70 Gy (2 Gy, 5 times weekly), may be considered [2,13,22].

Although continuation of smoking after therapy may influence 
local control [28] and voice quality [17], to our knowledge no 
statistical data exist to support this supposition. However, ac
cording to our multivariate analysis, the second independent nega
tive prognostic factor for local control was continuation of smok
ing after therapy. Based on these results, patients should be 
strongly advised to discontinue smoking after diagnosis of laryn
geal cancer.

Unlike Mills [23], pathological grade, was, in our experience, 
not related to local control. Carcinoma in situ showed similar 
results to those of infiltrating tumors, conforming to MacLeod's 
findings [21].

In our analysis of treatment factors, for all patients treated 
in a cast, field size was not correlated to local control. By in
creasing the treatment volume and by using a cast, local relapse 
decreased from 18 to 9% according to a report by Harwood et al. [9].

Dose-response relationship for T1 glottic cancer is a contro
versial item. No clear relationship was seen between dose and local 
response, and several authors also noticed no dose response [10,13, 
16,19,32]. Our diminished local control rate (5/8) in a small sub
group treated with 60 Gy or less supports the idea of dose response 
relationship in early glottic cancer as published by others [5,18, 
39]. since tumor extension is of importance and if we assume a 
tumor dose-response, total dose for T1 glottic cancer must be 
related to tumor size. Fraction size must be 2 Gy or more [27] and 
no hypofractionation must be used [8]. Therefore, tumors of less 
than 5 mm may be treated with 60 Gy (using 2 Gy per fraction) in 
6 weeks, tumors of 5—15 mm may be treated with a total dose of 66 
Gy, and for bulky tumors 68-70 Gy may be required. Mendenhall et 
al. [22] improved local control for lesions 5 to 15 mm in size by 
using a higher dose.

T-i supraglottic cancer:

The AJC staging of 1977 [1] and the UICC staging of 1978 [35]

Prognostic factors in T1 laryngeal cancer. Terhaard et al.
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use a different definition of T, supraglottic cancer. A supra- 
glottic tumor confined to one subsite (epiglottis, aryepiglottic 
fold or ventricular band) is staged T1a according to the UICC 1978. 
However, when more than one subsite is involved, it is staged as a 
T1b acccording to the UICC 1978, and T2 according to the AJC. In 
1987 the UICC reclassified the T1b as a T2 supraglottic tumor [36]. 
In our study the UICC classification of 1978 was used. Tla and T1b 
tumors showed egual local control rates in our study (83 vs 82%), 
comparable with data from the literature [5,11,29,30,40]. For local 
control in our study no prognostic factor could be demonstrated 
as was shown by Harwood et al. [11] and Wall et al. [38], for 
primary tumors with neck nodes < 3 cm.

Regional recurrence however, is the main threat for patients 
with T1 supraglottic cancer and is, like corrected survival, inde
pendently associated with both tumor extension (T1b vs T1a, 42% vs 
8%, respectively) and local relapse. So, the UICC classification 
was correctly changed in 1987, not because of local control, but 
because of survival due to impaired regional control.

Initial nodal stage was not an independent factor for regional 
control, maybe due to the small number of patients with N, (7) . To 
prevent a relapse in the neck, elective radiotherapy to both sides 
of the neck , including the jugular lymph nodes [29], is preferable 
[20] for N0 patients. By enlargement of the radiation fields neck 
failure dropped from 18 to 3% (Harwood et al. [11]).

Salvage of locoregional recurrence for T1 supraglottic tumors 
was disappointing in our study. Most recurrences were detected in 
advanced cases. A more intense follow-up (monthly in the first 2 
years) may be necessary to detect locoregional relapse earlier, 
resulting in a possibly improved salvage rate.

Complications:

In the literature most published data concern serious compli
cations. They vary between 0-7% [5,9,10,15,18,22,26,37] for glottic 
tumors, and 2-19% for supraglottic tumors [3,11,14,30]. In our 
study only two serious complications of treatment in patients 
without local relapse, were seen, both needing a tracheotomy for 
edema.

Laryngeal edema, mostly limited to the arytenoids, was seen in

Prognostic factors in T1 laryngeal cancer. Terhaard et al.
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13%, which conforms with most published data [7,9,23,28]. Our study 
therefore analyzes these mild complications. Harwood observed a 
higher complication rate for supraglottic tumors; continuation of 
smoking was seen as a risk factor by Issa [14] and Karim et al. 
[17]. Larger fraction size was associated with more complications 
[8,10,22]. The importance of total dose for complication-rate was 
shown by Fu et al. [7] (>70 Gy) , Harwood and Tierie [10] (2050 
rets), Issa [14] (>67-74 Gy), and Underskog et al. [37]. Teshina 
[34], in a prospective study comparing a field size of 6x6 cm with 
5x5 cm, observed significantly more arytenoid edema in the larger 
field group. These results were based on univariate analysis.

Results of multivariate analysis of complications in T, 
laryngeal cancer were not found in the literature. Applying 
multivariate analysis to our study, independent prognostic factors 
for mild late complications were supraglottic tumors, maximum 
tumor dose, fraction size (220-235 cGy vs 200 cGy) , and conti
nuation of smoking after therapy. In general total dose must not 
exceed 70 Gy, and the dose distribution should be homogeneous.

The main region at risk of complications (laryngeal mucosa, 
arytenoids) was in our study included in all, even the smallest, 
treatment fields. This may explain why field size was not an inde
pendent prognostic factor.
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CONCLUSIONS:

Local control with 66 Gy for T1 glottic cancer is 91%. Tumors 
involving the entire length of the vocal cord have a risk of local 
relapse of 25%, and a higher dose (68-70 Gy) may be considered. 
Continuation of smoking after therapy must be strongly discouraged 
because of the increased risk of local relapse.

Incorporation of T1b supraglottic cancer (UICC 1978) in T2 stage 
(UICC 1987) is correct, based on regional control and survival, but 
not because of local control. For these "T1b" supraglottic tumors, 
irradiation of the larynx and elective irradiation of both sides 
of the neck is the obvious treatment. Special attention should be 
Paid to regional control in a close follow-up.

To lessen complications patients must urgently be advised to 
discontinue smoking; the maximum radiation dose should not exceed 
70 Gy and a fraction size of 2 Gy is preferable.
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SUMMARY

In a retrospective study 75 patients with T2 laryngeal cancer 
treated from 1981 through 1985 were analysed. Of this group 71 
patients had a full course of radiotherapy as primary therapy. All 
71 patients were given 70 Gy/7 weeks on the primary and 50 Gy/5 
weeks on the neck, 2 Gy per fraction. Various prognostic factors 
for local control and survival were studied. In our patient group 
we found vocal cord mobility to be an important prognostic factor 
for ultimate local control and survival. Patients with impaired 
cord mobility had a significantly worse ultimate local control 
(76%) than patients with normal cord mobility (98%) and a signifi
cantly worse corrected actuarial survival. It is concluded that 
impaired cord mobility means more advanced disease. Future studies 
will have to answer the guestion how to improve the local control 
rate in patients with impaired cord mobility, for example, by 
incorporating laryngectomy earlier in the treatment program of 
those patients who cannot be cured by radiotherapy alone or by 
using innovative radiotherapy protocols.

Key words: T2 laryngeal cancer; Prognostic factor; Vocal cord 
mobility

INTRODUCTION

T2 laryngeal cancer is a heterogeneous group of tumors. First 
of all, the region of origin in the larynx (supraglottic, glottic 
or subglottic) and the extension of the tumor are believed to 
affect the prognosis. Secondly, the mobility of the vocal cords is 
shown to be a prognostic factor. In order to assess the treatment 
results in our clinic we reviewed the records of all our patients 
with T2 laryngeal cancer treated in the years 1981 through 1985. 
We looked for prognostic factors in this patient group, that was 
uniformly treated with high-dose radiotherapy. The purpose of this 
study was to define subgroups that might need a more agressive 
approach.
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MATERIALS AND METHODS

From 1981 through 1985, 75 patients with T2 N0_3 Mo laryngeal 
cancer were seen at the Joint Clinics of Otorhinolaryngology and 
Radiotherapy of the University Hospital Utrecht. In this analysis 
we focus on the 71 patients out of this group of 75 who received 
a full course of radiotherapy, which is the therapy of choice for 
T2 laryngeal carcinoma in our hospital. Of these 75 patients 72 
were men and 3 were women. Their age ranged from 39 to 91 years 
with a mean age of 64 years. All patients were followed for a mini
mum of 26 months or until death; the median follow-up was 54 
months. No patient was lost to follow-up.

Diagnosis:

All patients underwent direct laryngoscopic examination under 
general anesthesia and had a biopsy-proven squamous cell carcinoma, 
except for one patient who had a verrucous carcinoma. The patients 
were classified as T2 according to the U.I.C.C. TNM classification 
(1978). This group however, was subdivided (as proposed by Wang 
[13] for glottic cancers) into T2b, indicating T2 tumors with im
paired mobility of one of the vocal cords. No further subdivision 
was made to take into account tumor volume or surface spread.

Neck node metastases were classified as metastatic lymph nodes 
when cytologically proven. In Table III.l, the incidence according 
to T- and N-stage is presented.

TABLE III.l: Distribution of T- and N- stage for the total group 
of patients (n=75).

No N,.2 n3 N+

T2a 48 2 1 3/51

T2b 23 0 *1 1/24

71/75(94%) 2/75(3%) 2/75(3%) 4/75(6%)

*Supraclavicular node metastasis,possibly from breast carcinoma.
T2a: T2 tumor with normal mobility of the vocal cords.
T2b: t2 tumor with impaired mobility of one of the vocal cords.
—
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In one T2b patient the neck was staged as N3 because of a fixed 
supraclavicular node metastasis. However, the carcinoma of the 
larynx as primary tumor for the metastasis was doubted since some 
months after radiotherapy a breast carcinoma was diagnosed. This 
was judged to be a more probable site of origin of the node meta
stasis.

In Table III.2, we present the incidence of the most impor
tant prognostic factors according to T-stage in the patients who 
received a full course of radiotherapy. As can be seen, these fac
tors are egually distributed among T2a and T2b patients. Differences 
found between the groups of T2a and T2b patients cannot be 
attributed to unegual distribution of these prognostic factors 
between both groups.

TABLE III.2: The incidence of the most important prognostic factors 
according to T-stage in the patients who received a full course of 
radiotherapy.

T2a
(n=50)

T2b
(n=21)

Female sex 2 0

Grade G1 10 (20%) 6 (29%)
G2 24 (48%) 10 (48%)
G3 7 (14%) 2 (10%)
unknown 8 (16%) 3 (14%)

Site glottic 34 (68%) 14 (67%)
of origin (of which transglottic) 2 (4%) 2 (10%)

supraglottic 15 (30%) 6 (29%)
subglottic 1 (2%) 1 (4%)

Age (yrs) 39-91 45-77
(median 65) (median 62)

Treatment policy:

In the period under study, all patients with T2laryngeal cancer 
were initially treated with radiotherapy, except for one T2a 
patient who had to undergo a laryngectomy because of an airway 
obstruction. This patient had an exophytic tumor with subglottic 
extension, that made tracheotomy undesirable. The other patients
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received 50 Gy in 5 weeks to the primary tumor and at least the 
subdigastric and midjugular nodes in patients with glottic cancers 
and the whole upper and lower neck in patients with supraglottic 
cancers or positive neck nodes. Immediately after this a boost was 
given to the primary tumor to a total dose of 70 Gy. In all 
patients indirect laryngoscopy was performed, at least weekly, 
during the treatment period.

In two T2b patients no sign of tumor regression could be seen 
by indirect or direct laryngoscopic examination after 50 Gy. For 
this reason they underwent a laryngectomy. A third T2b patient de
veloped a life-threatening stridor after 58 Gy and he also had to 
undergo a laryngectomy. A full course of radiotherapy was given to 
the remaining 50 T2a and 21 T2b patients. For evaluation of prog
nostic factors and treatment results we will focus on this group 
of 7i patients, who were all treated by a full course of radio
therapy .

Irradiation techniques:

All patients were treated with 6-10 MV Linac X-rays. The 
larynx and the neck were irradiated using two parallel opposed 
lateral, egually weighted fields, or obligue wedge fields when the 
neck was too short. Both fields were treated daily. Thus, a tumor 
dose of 50 Gy in 5 weeks was given (5x2 Gy/week) . The spinal cord 
Was shielded after a dose of 40 Gy and 8-10 MeV electrons were used 
to treat the shielded part of the neck up to a dose of 50 Gy. In 
node positive patients both supraclavicular regions were also 
treated to a dose of 50 Gy in 5 weeks with the same fractionation 
schedule using an AP field. The boost was also given using two 
Parallel opposed lateral fields. Thus, the larynx was treated up 
to a total dose of 70 Gy. Nodal metastases were boosted to the same 
dose with 8-10 MeV electrons, unless they were included in the 
Primary boost fields.

Evaluation of results:

Local and regional control data are reported for the group of 
Patients treated with a full course of radiotherapy and defined 
subgroups. Uncorrected and corrected (i.e. without death from 
intercurrent disease) survival was calculated from the first day 
°f treatment using the actuarial method of Kaplan and Meier. Sta
tistical significance was calculated by the chi sguare test.
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RESULTS

Local control:

In Table III.3, the local control rates according to T-stage 
are presented for the patients who received a full course of radio
therapy. In the T2a group, the one patient was excluded who under
went immediate laryngectomy because of serious airway obstruction. 
He received no postoperative radiotherapy and died of a loco- 
regional recurrence. In the T2b group, the three patients were 
excluded who were operated upon after 50-58 Gy for reasons of non
response or progressive disease. These patients are NED at the 
moment, after a follow-up of 38, 50 and and 36 months, respecti
vely. The initial local control rate after radiotherapy was com
parable in the T2a and T2b group, but the ultimate local control 
rate after salvage surgery was sigificantly better in the T2a group 
(p<0.05).

TABLE III.3: Local control according to T-stage in patients who 
received a full course of radiotherapy.

Initial
control

Salvage surgery 
attemped

ultimate
control

T2a 39/50 (78%) 11/11 49/50 (98%)
}p<0.05

T2b 15/21 (71%) 5/6 16/21 (76%)

Total 54/71 (76%) 16/17 65/71 (92%)

Apart from cord mobility we investigated the prognostic value 
of sex, grade, region of origin and age on initial and ultimate 
local control. There was no relation between grade or age and 
initial or ultimate local control. Interestingly we also found no 
significant relation between most probable region of origin and 
initial or ultimate local control (Table III.4). Conclusions re
garding the influence of sex on local control could not be drawn 
because of the small number of female patients.
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TABLE III.4: Local control according to most probable site of 
origin in patients who received a full course of radiotherapy.

Initial Salvage surgery Ultimate
control attemped control

Glottic 38/48 (79%) 9/10 43/48 (90%)
C+transglottic)
Supraglottic 15/21 (71%) 6/6 21/21 (100%)

Subglottic 1/2 (50%) 1/1 1/2 (50%)

Regional control:

Of the four patients who presented with nodal metastases, 
three were regionally controlled with radiotherapy alone (all T2a 
Patients) . One T2b patient recurred bilaterally in the neck and in 
the left axilla. He later turned out to have a left-sided breast 
carcinoma, which was judged as the more probable site of origin of 
the node metastases. The regional control of the patients initially 
classified as N0 is presented in Table III.5.

TABLE III.5: Regional control of N0 patients according to T-stage
in patients who received a full course of radiotherapy.

Initial regional Salvage surgery Ultimate regional
control attemped control

2a 46/47 (97%) 1/1 46/47 (97%)
TX2b 17/20 (85%) 1/3 18/20 (90%)

Only one of the patients with a neck recurrence could be sal
vaged but he later died of distant metastases. Of the four patients 
with a regional recurrence, two had a local recurrence as well.

Survival:

In Fig. III.l, we present the corrected and uncorrected (in
cluding intercurrent death) survival curves of the patients who 
deceived a full course of radiotherapy, according to T-stage.
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Fig. III.l: The corrected and uncorrected survival of the patients 
who received a full course of radiotherapy, according to T-stage. 
A ,TZ? corrected actuarial survival; a, T2a uncorrected actuarial 
survival; O, TZb corrected actuarial survival; 0, TZb uncorrected 
actuarial survival.

The corrected actuarial 5-year survival for T2a patients was 
significantly better than for T2b patients (92 vs. 63%; p<0.005). 
Of the whole group, 17 patients died of intercurrent disease; seven 
of them had a second malignant tumor.

In Fig. III.2, we present the corrected actuarial survival 
curves of the patients who recurred locally, according to T-stage.

The corrected actuarial 5-year survival (from the first day of 
radiotherapy) was significantly better for T2a patients with a 
local recurrence than for T2b patients with a local recurrence (88 
vs. 17%, p<0.006) . From these figures it is clear that salvage sur
gery gives T2a patients far better changes for cure than T2b 
patients.
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Fig. III.2: The corrected actuarial survival of the patients who 
recurred locally, according to T-stage.A , T2a; O, TZb.

Complications:

In the group of 55 patients who had a full course or radio
therapy only two suffered major complications: both had serious 
edema in the larynx. However, seven of the 16 patients who had 
salvage surgery after 70 Gy suffered major complications post- 
°Peratively. Three patients developed a fistula, two had an eso
phageal stenosis. In one patient cartilage necrosis was noted and 
in another patient a serious postoperative bleeding occurred. In 
the whole group of patients there was no treatment-related morta
lity.

DISCUSSION

Nearly all patients with early laryngeal cancer are treated 

with radiation alone, because high local cure rates can be achieved 

bY this approach. The advantage of radiotherapy is the preservation 

°f voice with a good quality, a low morbidity and no aspiration 

Problems [6,9,10]. T2 lesions, however, form a heterogeneous group
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of laryngeal cancers. Analysis of the heterogeneity could help to 
answer the guestion of whether an uniform treatment strategy for all 
patients with T2 laryngeal cancer is warranted or if a differenti
ated approach is preferable. We, therefore, subdivided T2 tumors 
into T2a tumors (with normal vocal cord mobility) and T2b (with im
paired vocal cord mobility).

We analysed patients with subglottic, glottic and supraglottic 
tumors as one group. In the literature the difference in biologic 
behavior of primary glottic and supraglottic tumors is stressed 
[8] . We did not find statistically significant differences in local 
control rates between primary glottic and supraglottic cancers. 
The reason for this might be either that this difference does not 
exist in T2 cancer or that our patient numbers are too small to 
detect the difference or that the difference cannot be detected, 
because in too many patients it is a subjective matter whether the 
clinician calls a tumor primary glottic or supraglottic when it has 
glottic and supraglottic extension. The number of primary subglot
tic tumors in our material was too small to draw conclusions with 
respect to the importance of this level of origin. From the fact 
that in our material the most probable site of origin of the tumor 
was not prognostic for local control, we conclude that it is valid 
to analyse all T2 laryngeal cancers as one group (Table III.4).

As we showed in Table III. 2, the groups of T2a and T2b patients 
were comparable with respect to the other investigated prognostic 
factors. The radiation dose delivered to the primary tumor was 
equal in T2a and T2b tumors. We may conclude that the presence or 
absence of normal cord mobility is an important prognostic factor 
for ultimate local control.

As is shown in Table III.3, initial local control after a full 
course of radiotherapy was only slightly less in patients with im
paired mobility compared to patients with normal cord mobility 
(71% vs. 78%) . However, all but one patient with normal cord mobil
ity could be surgically salvaged, whereas of the six patients with 
impaired mobility who had a local recurrence, only one could be 
salvaged. Recurrences in T2b cancer may be more deeply seated, more 
difficult to discover and so more bulky when diagnosed and treated.

In the literature, some important papers have been dedicated 
to the problem of impaired mobility of the vocal cords, mainly 
focussed on glottic cancers [2,4,5,12]. In most of these studies, 
however, the patients were not uniformly treated. Karim [5] defined 
four subgroups based upon cord mobility and tumor volume and used 
a higher tumor dose for patients with worse prognostic factors. He
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reported no difference between the subgroups in probability of 
locoregional control. The maximum tumor dose he mentioned was 74 
Gy, which, in our view, will give a high risk of complications, 
especially after salvage surgery. The paper of Karim, however, 
shows that more aggressive treatment can reduce the importance of 
eord mobility as a prognostic factor.

Harwood [2] gives doses ranging from 50 to 55 Gy in 4 to 5 
Weeks, with doses varying because of physician preference. In his 
v®ry detailed study he concludes that only cord mobility has prog
nostic significance, whereas surface extension has not.

Kun [7] and Horiot [3] saw more local recurrences in patients 
with partial immobility of the vocal cords and extraglottic exten
sion than in patients with partial immobility alone. Wang [13], in 
glottic cancer, also reported an increase of local recurrences and 
a decreased salvageability in patients with impaired cord mobility. 
Surface extension and cord mobility were prognostic factors for 
local control in the reported data from Van den Bogaert [12]. 
However, his doses ranged from 40 Gy/4 weeks to 70 Gy/7 weeks.

When we consider the regional control 50 Gy to the entire 
clinically negative neck gives a control rate of 97% in T2a and 85% 
for T2b patients. Again, T2b tumors show a more aggressive behavior. 
The corrected actuarial 5-year survival was significantly better 
in T2a patients than in T2b patients (Fig. III.l). This finding is 
in agreement with Harwood's data [2]. Karim [5], however, did not 
find a relation between cord mobility and survival. In our view, 
the rate of major complications after radiotherapy alone is accept- 
nble (2/55 = 4%) . Salvage surgery after 70 Gy, however, results in 
U high complication rate (7/16 = 44%).

CONCLUSIONS AND THERAPEUTIC IMPLICATIONS

Impaired mobility of the vocal cord is a prognostic factor for 
local control and survival. Local failure is a major cause of death 
in patients with impaired cord mobility. Salvage surgery is far 
less successful in T2b patients than in T2a patients.

Van den Bogaert [12] treated patients with no improvement of 
v°cal cord mobility after 40-50 Gy with surgery. All thus treated 
Patients in his series were locally controlled.

Our own first experience with such a trial course of radio
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therapy in advanced laryngeal cancer is also promising [11]. For 
these reasons we think that incorporating laryngectomy earlier in 
the treatment program of T2b patients who do not seem to respond 
after 50 Gy deserves consideration. Future studies will have to 
answer the question of whether this approach is valid. Also, inno
vative radiotherapy protocols should be explored.
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SUMMARY

Radiation alone for advanced laryngeal cancer will result in an 
initial local control rate of 50%. When a local recurrence is 
diagnosed, only 50% will be successfully salvaged by surgery. To 
identify patients with a high chance of local control with radia
tion alone in advanced laryngeal cancer, the clinical response 
following radiotherapy was assessed a few days after 50 Gy/5 
weeks. In patients with T-stage reduction or >50% tumor regression 
radiotherapy was continued, if not, laryngectomy was performed 
after 4-6 weeks. According to this protocol 30 patients (out of 50) 
with T3/T4 laryngeal cancer were treated. Initial local control was 
assessed 6 weeks after radiotherapy, the ultimate local control 
included successful salvage surgery. Initial local control in pa
tients, treated with a full course of radiotherapy after T-stage 
reduction or >50% tumor regression, was 69% for T3 and 43% for T4 
while the ultimate local control rate was 85% and 71% respectively. 
Although the percentage of voice preservation in our study was 
slightly lower (40%) than data from literature with radiation 
alone, the ultimate local control was high and comparable with 
those of combined therapy (in which laryngectomy is a part). The 
corrected actuarial 5-year survival in all T3 and T4 patients 
treated with radiation alone and salvage surgery was 73% and 31% 
respectively and was not different compared to surgery with pre- or 
post-operative radiotherapy, 74% and 53% respectively. We believe 
that this protocol may select a favorable group of patients for 
high dose radiation alone in T3 and probably in T4 laryngeal cancer.

Key words: Advanced laryngeal cancer, Radiotherapy, Regression, 
Prognostic factor, Local control.
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INTRODUCTION

In most institutions [3,16,24,25] surgery, usually with pre- 
or postoperative radiotherapy, is the primary treatment for 
patients with advanced laryngeal cancer. However, some institu
tions [11,12,28,29] claim good results with primary radiotherapy
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and surgery for salvage. Although the initial local control rates 
seem to be better after direct surgery, this policy has the obvious 
disadvantage of the loss of voice in nearly all operated patients. 
If the radiocurable tumors could be selected before operation, it 
would be possible for some patients to retain their larynx.

In 1980 we indicated that a response after a moderate dose of 
50 Gy might predict the chance of local control after high dose 
radiotherapy. Thus, since 1981 in the University Hospital Utrecht, 
operable patients with T3/T4 laryngeal cancer received an initial 
radiation dose of 50 Gy. After 50 Gy the response was assessed. 
Depending on this response a definitive choice between operation 
and further radiotherapy was made. In this paper we report the 
treatment results of all patients with T3/T4 laryngeal cancer that 
were seen in our hospital from 1981 through August 1985. Whether 
the response after a radiation dose of 50 Gy can predict the out
come of further treatment is of major concern.

Advanced laryngeal cancer. C Terhaard et.al.

METHODS AND MATERIALS

■Patient characteristics:

From 1981 through 1985, 50 patients with advanced laryngeal 
cancer (T3/T4 N0.3 M,,) were seen at the Joint Clinics of Otola
ryngology and Radiotherapy of the University Hospital Utrecht. 
None of these patients were excluded from this analysis. Of these 
50 patients, 42 were men and 8 were women. Their age ranged from 
44-88 years, with a mean age of 62 years. All patients were fol
lowed for a minimum of 24 months or until death. The median 
follow-up was 49 months. The minimum follow-up of patients after 
salvage surgery, was 18 months or until death. No patient was lost 
to follow-up.

Staging:

All patients underwent direct laryngoscopic examination and 
had a biopsy proven squamous cell carcinoma. Neck node metastases 
were cytologically proven. The patients were staged according to 
the UICC-TNM classification (1978). In Table IV.1, the incidence 
according to the clinical T- and N-stage is presented.
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TABLE IV. 1: Distibution of T and N stage for the total group of 
patients (n=50).

No N1 n2 n3 N+

T3 28/32 1/32 0 3/32 4/32 (13%)

T4 7/18 3/18 2/18 6/19 11/18 (61%)

Thirty-two patients had a T3 tumor ( 16 primary glottic and 16 
primary supraglottic), four of whom had nodal metastases (13%); 
eighteen patients had a T4 tumor (all supraglottic), eleven of whom 
had nodal metastases (58%). None of the patients had distant meta
stases at presentation.

Treatment policy:

As of 1981 patients with advanced laryngeal cancer have been 
treated according to a protocol with a selective course of radio
therapy. Patients were excluded from this protocol if they were 
inoperable at presentation or if airway obstruction made early 
surgical intervention necessary.

Protocol patients were treated with 50 Gy in 5 weeks to the 
primary tumor and the neck nodes. A few days after completion of 
this course of 50 Gy the response of the primary tumor was deter
mined by the same investigator who did the first direct laryngos
copy. Usually this evaluation was done by a second direct laryn
goscopy, in some occasions an indirect laryngoscopy proved to be 
sufficient. If a stage reduction (fixed cords regained mobility, 
no extra laryngeal spread) or an important tumor regression 
(estimated regression of at least 50% of the initial tumor volume) 
was noticed, radiotherapy was continued with a total dose of 70 Gy. 
If a minor regression or no tumor regression was seen and the 
patient was still operable, a laryngectomy was performed within 6 
weeks after the last radiotherapy session. This decision was not 
influenced by the response of nodal metastases, except in cases of 
progression. If progression of the primary tumor or nodal metasta-
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ses was noticed during the selective course of radiotherapy, radia
tion was interrupted and a laryngectomy was performed, with or 
without neck dissection.

A total of 30 patients (Group A) were treated according to 
this protocol. There were 22 T3 and 8 T4 patients, 10 patients had 
Positive nodes.

In 10 patients (Group B) a planned laryngectomy was performed. 
There were 6 T3, 4 T4 and only 1 patient with positive nodes in this 
group. In 3 cases an unilateral neck dissection was done. In 9 
oases the reason for laryngectomy was stridor (4 patients needed 
a pretreatment tracheostomy) and in 1 case a very bulky, but still 
operable tumor was judged to be too large to be cured by radiation 
alone. Two patients received preoperative radiotherapy (both had 
a pretreatment tracheostomy), 8 patients received postoperative 
irradiation (50 Gy/5 weeks).

In 10 patients (Group C) the planned treatment was radio
therapy alone. There were 4 T3, 6 T4 and 4 patients with positive 
lymph nodes in this group. Four patients were inoperable because of 
the extent of the tumor, four were inoperable for concomitant 
Medical reasons and two were mentally disabled.

Irradiation techniques:

All patients were treated with 6-10 MV Linac X rays. The la- 
tynx and the neck were irradiated via two lateral parallel opposed 
equally weighted fields. Thus a tumor dose of 50 Gy in 5 weeks was 
given (5x2 Gy/week). The spinal cord was shielded after a dose 
of 40 Gy and 8-10 MeV electrons were used to treat the shielded 
Part of the neck up to a dose of 50 Gy. In node positive patients 
both supraclavicular regions were also treated to a dose of 50 Gy 
in 5 weeks with the same fractionation schedule, using an AP-field.

Patients for postoperative radiotherapy had the stoma included 
in the radiation field.

In all patients receiving a full course of radiotherapy a 
hoost was given without an interruption of more than 10 days after 
the initial 50 Gy. Via two lateral parallel opposed fields the 
larynx was treated up to a dose of 70 Gy (5 x 2 Gy/week). Nodal 
ttetastases were boosted to the same dose with 8-10 MeV electrons, 
Unless they were included in the primary boost fields. Two patients, 
however, with fixed neck nodes were treated in a Phase II protocol 
with hyperthermia on the nodes and they received no boost. Tech

Advanced laryngeal cancer. C Terhaard et.al.
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nical aspects and results of this hyperthermia protocol have been 
published elsewhere [14].

Evaluation of results:

Local and locoregional control data are reported for the 
entire group and the defined subgroups. Corrected and uncorrected 
survival was calculated from the first day of treatment using the 
actuarial method of Kaplan and Meier. To calculate the corrected 
survival, patients, died without evidence of laryngeal cancer, are 
counted similar to patients, alive with a follow-up of the same 
period of time, using the actuarial method. Statistical signifi
cance was calculated by the chi-sguare test.

Advanced laryngeal cancer. C Terhaard et.al.

RESULTS

The entire patient group:

Local control. The local control rate for radiotherapy alone was 
55% (T3 67%, T4 39%) , for radiotherapy with salvage surgery 74% (T3 
89%, T4 54%), for surgery with pre- or postoperative radiotherapy 
84% (T3 93%, T4 60%) and for the entire group 78% (T3 91%, T4 56%).

Local recurrences were diagnosed after a mean period of 8.2 
months.

Control of neck nodes. The control in N0, N1+2 and N3 patients 
was 94% (33/35), 83% (5/6) and 56% (5/9), respectively. Nodal 
recurrences were diagnosed after a mean period of 11 months. All 
patients died within 14 months after the diagnosis of the recur
rence of disseminated tumor.

Distant metastases. Distant metastases were seen in 8 patients 
(16%) , 3 patients with T3-, and 5 patients with T4-tumors. In 4 of 
9 patients with fixed neck nodes distant metastases were diagnosed.
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Subgroups:

GROUP A: Tumor response and allocated treatment

In Table IV.2 the results of the evaluation after 50 Gy/5 
weeks in this group of patients are presented. In two patients with 
stage reduction (both T3 tumors) for unknown reasons the protocol 
was violated (in 1981) and a laryngectomy was planned. In one of 
these patients the operation was performed and no tumor was detect
ed in the laryngectomy specimen. In the other patient the operation 
Was cancelled, because no more tumor was seen in the fourth week 
after the evaluation, the radiotherapy was continued. This patient 
had a local recurrence after 30 months and a salvage laryngectomy 
Was performed. In 15 of the 16 patients with stage reduction high 
dose radiotherapy was given.

TABLE IV. 2: Assessment of clinical response after 50 Gy/5 weeks for 
Group A (n=30) .

Total t3 T4

Stage reduction 16/30 11/22 5/8
Major tumor regression 7/30 5/22 2/8
Minor tumor regression 

or stable disease
5/30 4/22 1/8

Progression 2/30 2/22 '

In 2 of 7 patients with a major tumor regression (both T3 
tumors) a laryngectomy was performed in spite of the protocol. In 
1 of these 2 patients the laryngectomy specimen showed no residual 
tumor in the larynx, but still tumor in the neck. Thus, 5 of these 
7 patients received high dose radiotherapy.

Of 5 patients with stable disease, 1 patient refused laryng
ectomy and received a boost (after 6 months a local recurrence was 
detected and still a laryngectomy had to be done). Thus, in 4 of 
these 5 patients a laryngectomy was performed. The 2 patients with 
Progressive disease also had a laryngectomy.
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Locoregional control. Table IV.3 shows the local control in 
the group A patients with T3 tumor in relation to tumor response 
after 50 Gy and given treatment. The local control rate for radio
therapy alone was 64% and 69% when the patient with stable disease, 
who refused surgery, is excluded. The ultimate local control rate 
for radiotherapy with salvage surgery was 86%. One patient died of 
sepsis 6 weeks after salvage operation. At autopsy no residual tumor 
was found. Three patients died with a local recurrence, including 
one stomal recurrence. In 47% (9/19) of the patients with persist
ent local control the voice was preserved. No recurrences in the 
neck nodes were observed.

Advanced laryngeal cancer. C Terhaard et.al.

TABLE IV.3: Local control in group A patients with Tz tumors in 
relation to tumor response after 50 Gy and given treatment.

RA RA+SS PRE.RT+S TOTAL

Stage reduction 7/10 9/10 1/1 10/11
Major regression 2/3 2/3 2/2 4/5
Minor regression 

or stable disease
0/1 1/1 3/3 4/4

Progression 1/2 1/2

Total 9/14 12/14 7/8 19/22
(64%) (86%) (88%) (86%)

RA =Radiation alone (70 Gy/7 weeks)
RA+SS =Radiotherapy (70 Gy/7 weeks) plus salvage surgery 
Pre.RT+S=Pre-operative radiotherapy (50 Gy/5weeks) plus surgery

Table IV.4 shows the local control for the group A patients 
with T4 tumor in relation to tumor response after 50 Gy and given 
treatment. The local control for radiotherapy alone was 43%, for 
radiotherapy with salvage surgery 71%. In one patient with stable 
disease after 50 Gy a laryngectomy was performed. After 2 months 
residual tumor was seen 2 cm below the stoma, outside the radiation 
field. Despite extended surgery this patient died with a loco- 
regional recurrence and distant metastases. In 3 out of 5 locally 
controlled patients the voice was preserved. In the group of 8 
patients 7 presented with nodal metastases. Nodal failure was seen 
in 5/8 patients, one was controlled by a neck dissection but died 
of distant metastases.
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TABLE IV.4: Local control in group A patients with r4 tumors in 
relation to tumor response after 50 Gy and given treatment.

Advanced laryngeal cancer. C Terhaard et.al.

RA RA+SS PRE.RT+S TOTAL

Stage reduction 2/5 4/5 _ 4/5
Major regression 1/2 1/2 - 1/2
Minor regression - - 0/1 0/1

or stable disease

Total 3/7 5/7 0/1 5/8
(43%) (71%) (62%)

RA =Radiation alone (70 Gy/7 weeks)
RA+SS =Radiotherapy (70 Gy/7 weeks) plus salvage surgery 
Pfe.RT+S=Pre-operative radiotherapy (50 Gy/5weeks) plus surgery

GROUPS B and C

hocoregional control. Table IV.5 shows the local control in 
group B and C patients. The local control for radiotherapy alone 
was 50%, for radiotherapy with salvage surgery 60%, for surgery 
with pre- or postoperative radiotherapy 90% and for both groups 
together 75%. One patient, who had a pretreatment tracheostomy, 
showed a stomal recurrence. Nodal recurrence was seen in 2 patients 
and both died of tumor dissemination.

table iv. 5: Local control in group B and group C patients.

RA
group C

RA+SS 
group C

S+RT 
group B

TOTAL

T3 3/4 4/4 6/6 10/10

t4 2/6 2/6 3/4 5/10

Total 5/10 6/10 9/10 15/20
(50%) (60%) (90%) (75%)

— - —. ^ ^ ± * _a_ jr w ^^ — -w* — — \ — ------— — — —   — — _

^A =Radiation alone (60-70 Gy/ 6-7 weeks)
RA+SS=Radiation alone (60-70 Gy/6-7weeks) plus salvage surgery 
S+RT =Surgery+pre- or postoperative radiotherapy (50 Gy/5 weeks)
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Survival:

The uncorrected actuarial 5-year survival for all T3 patients 
was 50% versus 31% for all T4 patients. The corrected actuarial 
5-year survival was 74% versus 34% (P<0.005), (Fig. IV.1). No sta
tistically significant difference in survival was seen between the 
group initially treated with high dose radiotherapy and the group 
treated with surgery and pre- or postoperative radiotherapy (Fig.
IV.2). It is important to notice that in T4 tumors treated with 
high dose radiotherapy 69% had nodal metastases, compared to 40% 
in the T4 patients treated with surgery and pre- or postoperative 
radiotherapy. The observed difference in survival between both T4 
groups however, was not significant. There also was no statis
tically significant difference in survival between group B + C 
versus group A.

o,7o ACT surv.

20

12 24 34 48 60
months

Fig. IV.1: Corrected and uncorrected actuarial survival of the 
entire patientgroup by T-stage.Q = T3, corrected actuarial sur
vival, n = 32; % = T3, uncorrected actuarial survival, n = 32;A= T4,corrected actuarial survival, n = 18; A = TA, uncorrected 
actuarial survival, n = 18; Q versus & p<0.005.
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Fig. IV.2: Corrected actuarial survival for radiation alone with 
salvage surgery, and surgery with pre- or postoperative radio
therapy :Q= Tz, RA+SS (n = 18); A = Tz, Comb.th. (n = 14); • = T,,
RA+SS (n=13); A = Tu, Comb.th. (n=5); O vs. A p>0.1; • vs. a p>0.1.

As could be expected the corrected actuarial 5-year survival 
was significantly worse in patients who failed locoregionally, 
compared to those who did not (20% vs. 90%, P<0.005). However, in 
the eight patients with salvage surgery after a local recurrence 
the corrected actuarial 5-year survival was 56%. Survival in pa
tients with N3 neck nodes was significantly worse compared to pa
tients with N0 (P<0.05) .

Oause of death:

Twenty-six patients (52%) died, 6 of intercurrent diseases, 3 
°f a metachronic second malignancy (lung cancer) , and 17 of locore- 
9ionally recurrent and/or disseminated laryngeal cancer.
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Complications:

Major complications were seen in 2 patients. One patient with 
generalized amyloidosis died 6 weeks after a laryngectomy of a 
fistula and sepsis. He was operated for a local failure after high 
dose radiotherapy. The second complication was severe laryngeal 
edema after high dose radiotherapy. A permanent tracheostomy had 
to be performed.

DISCUSSION

The goal of treatment in advanced laryngeal cancer must be a 
high cure rate. Maintenance of voice, however, is the second 
important item [13]. There are 2 main treatment options in advanced 
laryngeal cancer: Radical radiotherapy (RR) with Salvage Surgery 
(SS) and primary surgery. The advantage of RRSS is voice preser
vation for some patients. However, available data in literature 
show opposing views when survival in patients treated with RRSS is 
compared to survival in patients treated with primary surgery 
[3,11,20,24,28, 29,31]. DeSanto compares his results (corrected 
actuarial survival 80%) in patients treated with surgery alone for 
T3N0 glottic cancer with the results in patients treated with RRSS 
(uncorrected actuarial survival 55%, Harwood et al. [11]) for T3N0 
laryngeal cancer, and concludes that "some patients must die in 
order that others might save their larynx" [24]. In our view, 
however, the corrected actuarial survival with RRSS was 76% and 
comparable with the results of DeSanto.

When we consider the second item (voice preservation), ap
proximately 50% of the patients treated with RR will show a local 
recurrence (Table IV.6). Besides, early diagnosis of a local recur
rence is often difficult and repeated laryngoscopy and biopsies may 
be needed in many cases. Unfortunately, patients who fail in the 
primary treatment show a significant decrease in survival, compared 
to patients in whom local control is achieved, despite salvage 
operation [23]. At most 50% of the local radiation failures may be 
successfully salvaged. Farrington et al. [9] achieved a success 
rate of 48% in T3 and 20% in T4 with salvage surgery, Skolnik et al. 
[26] achieved 40% and 33% respectively.
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TABLE IV.6: Results of radiation alone with salvage surgery for 
T3/4 laryngeal cancer. (c=control)

Advanced laryngeal cancer. C Terhaard et.al.

T3 larynx cancer:
Initial Ultimate
local c. Successfully local c. Survival

Author Pat. no % salvaged 0,
'0

O,
'0

van den Bogaert: 
(33 T3/2 T4) [3]

: 35 23 17% 37 23

Harwood et al.: 
(No) [11]

112 50 50% 74 74

Mendenhall
[20]

22 61 4/7 83 67

Stell et al. : 99
(fixed cord only) 65 80
(multiregional)
[28]

51 60

Stewart et al.: 67 57 24% 67 57
(Tj glottic) [29 ]
Wang:
(glottic) 70 36 50% 57 57
(supragl.) [31] 87 37 46 46

our results: 18 67 4/6 89 73

T4 larynx cancer:
Harwood et al.: 
(Nq) [12]

56 56 16% 64

Wang:
(supragl.) [31]

131 23 26 26

our results: 13 39 2/8 54 31

Thus, improvement of initial local control is important, 
ïhitial local control rates may be higher with increasing radiation 
3oses [11,12,15] , but in those cases salvage surgery may contribute 
to more complications [8,26]. If we are able to select patients 
early with a low chance of local control with radiation alone, the 
treatment could be modified and hence the success rate in patients 
Predicted to become failures could improve. Patients with a high
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chance of local control would receive high dose radiotherapy and, 
assuming 50% of the failures may be salvaged, ultimate local con
trol rates would improve.

Regression as a prognostic factor for local control:

Lederman [17] suggested that the choice of surgical treatment 
or of continued radiotherapy in advanced laryngeal cancer should 
be determined depending on the regression rate after 40 Gy.

When the same characteristics that predispose to rapid regres
sion also eliminate the clonogenic cells, a correlation between 
shrinkage of tumor and local control is obvious. But the rate of 
regression depends on the amount of stroma, edema in malignant 
tissue, growth rate of the tumor and the ability of the vascular 
system to remove all cell debris, and doesn't tell which number of 
clonogenic cells survive [19]. However, shrinkage of tumor during 
the course of radiotherapy may result in more extensive reoxyge
nation which makes the tumor more sensible to subseguent radiation 
[6]. In some animal tumor models [6], in advanced carcinoma of the 
uterine cervix [7], and in metastatic lymph nodes of the neck 
[1,18], the regression rate was a successful prognostic factor for 
local control.

At what dose and time evaluation should be performed?

Mäntyla" et al. [19], in patients with advanced head and neck 
carcinoma, reported no significant correlation between recurrence 
and evaluation of the response after 30 Gy, but at the end of the 
treatment (mean dose 58 Gy) disappearance of tumor was a signifi
cant favorable sign for local control. Several authors reported 
rates of tumor clearance 3-6 weeks after completion of high dose 
preoperative radiotherapy, obtained from laryngeal specimens [5, 
10,21]. Constable et al. [5] used 50 Gy/5 weeks preoperative radio
therapy in 72 patients with advanced laryngeal cancer. Patients 
were clinically evaluated prior to surgery (3-6 weeks after comple
tion of the radiotherapy). When the clinical status was abnormal 
(40%) gross residual tumor was seen in the laryngeal specimen in 
72%. Those patients will probably not be cured by high dose radio
therapy. However, when clinically no tumor was seen (47%) or when 
the clinical status was indeterminate (12%) in 68% and 45%, re
spectively, no tumor was diagnosed histologically and in 18% and

Advanced laryngeal cancer. C Terhaard et.al.
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11%, respectively, only isolated tumor foci were seen. Thus, when 
a clinical negative or indeterminate status of the larynx is seen
3-6 weeks after 50 Gy a high probability of local control may be 
obtained when a boost dose is given.

When, however, regression is evaluated after a rest period of 
3-6 weeks, the disadvantage is repopulation of non-sterilized 
olonogenic cells. The boost dose needed to cure possible residual 
tumor must increase, to correct for the split period, with an un
acceptably high percentage of complications [22]. Thus, a split 
Period must be avoided.

°ur treatment strategy:

In view of these results in our treatment protocol we evaluate 
regression a few days after 50 Gy/5 weeks. When a major tumor 
regression is seen or vocal cord regains mobility radiotherapy will 
be continued with a boost dose of 20 Gy/ 2 weeks, if not, surgery 
will be performed after a rest period of 3-6 weeks, to let heavy 
reactions subside.

Note, when considering our results, that we will focus on three 
Points:
1• Does a selective course of radiotherapy in advanced laryngeal 

cancer result, in selected patients receiving a full course of 
radiotherapy, in a high % of initial and ultimate local con
trol?

2 • To what extent is voice preserved without local recurrence ? 
3. Does a selective course of radiotherapy result in survival 

rates equivalent to survival rates in patients treated with 
surgery?

initial and ultimate local control:

As our interest is the selective course of radiotherapy we 
focus on this group. The follow-up was at least 2 years. In 
Patients with T3, showing major tumor regression or T-stage reduc- 
tion, in 69% (9/13) initial local control was attained with radia
tion alone. The ultimate local control was 85%. Our results are 
favorable compared to the results in literature with radiation 
alone and salvage surgery (Table IV.6) . With surgery alone ultimate 
focal control in T3N0 glottic was 94% [24] and 87% [20].

Advanced laryngeal cancer. C Terhaard et.al.
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For T4 local control rate in our selective group of radio
therapy (7/8 were N+) was 71% for radiation alone and salvage 
surgery, this is favorable when compared to the literature, but 
only 43% retained their larynx. Published locoregional control 
rates in T4 mostly concern appropriate selected cases. In patients 
with metastatic lymphadenopathy, the results with RRSS in general 
are poor, with a local control of + 25% [4,12,27] in T4N+. However, 
Bataini et al. [2] in T3_4 patients, achieved local control with 
radiation alone in 64% and in N3 in 41%. In patients with T4N0, 
treated with curative intent, local control was 56% with radiation 
alone [12]. Probably initial control rates in our group will in
crease when more patients with operable T4N0 will be treated with 
a selective course of radiotherapy. Salvage surgery in group A was 
attempted in 7/9 patients with a local recurrence , local control 
was achieved in 5/7. Thus salvage was attained successfully in 
about 50%, conform data from the literature (Table IV.6).

Voice preservation:

In group A in 40% of all patients the voice was preserved. 
Three patients, however, were submitted to surgery despite T-stage 
reduction in one and >50% tumor regression in two others. Only in 
one out of three in the larynx specimen (minimal) tumor was found. 
Thus, when the protocol had not been violated, in T3 voice preser
vation probably would have raised to 50%. Thus we are faced with 
a slight decrease in voice preservation considering all patients 
in group A, but we gained a high percentage of local control.

Survival:

The corrected actuarial survival in T3 laryngeal cancer was 
equal in RRSS compared to surgery with pre- or postoperative 
radiotherapy, and significantly better compared with the survival 
in T4, 73%, 74%, and 34% respectively. In T3 results are favorably
comparable with data from the literature [11,20,27,28,29,31]. Most 
publications about T4 concern N0, or N^, N3 is mostly excluded. 
Survival rates of T4N0 range between 14-64% [12,30] with radiation 
alone and 48-73% [27,30,31] with surgery or combined treatment, 
comparable with our 54% corrected actuarial 5-year survival (n=7).

The survival in T4N+ in our group was poor, in particular in N3, 
conform data from literature [12,17,25,27].

Advanced laryngeal cancer. C Terhaard et.al.
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Advanced laryngeal cancer. C Terhaard et.al.
CONCLUSIONS

1 • If, in operable patients with T3.4 laryngeal cancer, the 
decision to proceed with radiotherapy after 50 Gy/ 5 weeks is 
based upon a clinically stated major regression or T-stage 
reduction, the initial local control may increase, especially 
in Tj.

2. Voice preservation may be slightly less with this selective 
course of radiotherapy than with high dose radiotherapy for 
all patients, but the gain is a higher percentage of ultimate 
local control.

2- Survival rates were not adversely influenced. Thus we don't 
conclude that some patients will die in order to save the 
voice of other patients in this selective course.

Acknowledgements: We wish to thank Dr. J.J. Battermann for his 
critical comments.
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ABSTRACT

511 Patients with T3 N0_3 Mg squamous cell carcinoma of the larynx, 
treated in the Netherlands from 1975 until 1984, were retrospec
tively analysed. Four different treatment policies were followed: 
primary surgery, planned combination of radiotherapy and surgery, 
primary radical radiotherapy and selective radiotherapy. General 
results are presented in this chapter. Local control rate was 72%. 
Regional control rate was 90% for clinically N0 patients and 78% 
for clinically N+ patients. Salvage therapy was overall successful 
in 38%. Surgical salvage for local radiation failures (without re
gional relapse) was successful in 69%, and for regional failures 
(without local relapse) in 46%. Ultimate locoregional control was 
78%, and due to 8% distant metastases 5-year actuarial corrected 
survival was 7 0%. Prognosis did not improve over the years. 
Corrected survival was independently correlated with tumour exten
sion, involvement of neck nodes and treatment strategy. Corrected 
survival was similar for primary radiotherapy and primary surgery, 
but significantly higher for planned combined therapy. In 28% of 
the patients the preferred standard treatment could not be fol
lowed, resulting in a significantly lower corrected survival. 
Multiple primary tumours occurred significantly more often in male 
(19.5%) compared to female patients (7.3%), p=0.05, the bronchus 
being most commonly affected. Cumulative actuarial risk for meta
chronous tumours was 15% after 5 year, and 30% after 10 year, so 
prevention and early detection may play the most important role in 
improving overall survival rates in the future.

Key words: T3 Laryngeal Cancer, Clinical Signs, Locoregional 
Control, Salvage, Survival, Multiple Primaries

INTRODUCTION

In 1987 the Dutch Head and Neck Oncology Cooperative group 
(NWHHT), in which head and neck groups of all University clinics 
and the two cancer centres are represented, initiated a retro
spective study concerning the treatment of T3 laryngeal cancer in 
the Netherlands. This study was co-ordinated by the first two 
authors.
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The three main issues in this study were:

I: Analysis of locoregional control, survival and complication
rate, in relation to the different treatment modalities.

II: Uni- and multivariate analysis of possible prognostic factors
for locoregional control, survival and complications.

Hi: Design of a prospective study based on the data obtained.

After review of the literature concerning treatment and prog- 
hostic factors for T3 laryngeal cancer a questionnaire was drawn 
UP. The participating centres* were visited and the questionnaire 
was discussed. The final design was sent to the centres at the end 
°f 1987, data were collected until July 1988.

METHODS AND MATERIALS:

For this study patients were selected with laryngeal cancer 
when there was immobility of vocal cord(s) without extralaryngeal 
spread (stage T3 UICC 1978) [59]. Data were collected from 531 
cases treated during the period 1975-1984. All patients were 
clinically staged by direct laryngoscopy. Direct laryngoscopy 
Under general anesthesia was performed in the participating centres 
in 85%. Direct laryngoscopy was carried out in the referring insti
tutes in the remaining 15%. If we exclude patients with insuf
ficient follow-up data (n=7), distant metastases at time of pre
sentation (n=7, 1.3%) or tumours other than squamous cell carcinoma 
(n=6), 511 patients remain for further study.

The published results are based upon data sets of these 511 
Patients with T3 N0.3 Mg squamous cell carcinoma of the larynx.

patients were followed for a minimum of 36 months or until 
^eath. The mean follow-up was 75 months.

The mean age was 63.9 years, range 29-91 years (Figure V.l).
Forty one patients were female (8%).

*University Hospitals of Rotterdam, Utrecht, Groningen, Leiden, 
Maastricht, Dr Daniel den Hoed Cancer Centre, Antoni van Leeuwen
hoek Hospital (the Netherlands Cancer Institute), Hospitals of the 
Free University of Amsterdam and Catholic University of Nijmegen, 
Radiotherapeutic Institute of Limburg.
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100

YEARS

Fig. V.1: Age distribution for male and female patients.

Data concerning duration of the clinical symptoms: sore 
throat, otalgia, shortness of breath, swallowing disorders, 
smoking habits and alcohol intake were obtained. Tumour spread was 
divided into tumours limited to the vocal cords with (glottic s.M. 
+) or without (glottic, s.M.-) extension to the floor of the ven
tricle, subglottic, supraglottic, and involvement of more than 
one region. Involvement of the supraglottic sites: epiglottis, 
aryepiglottic folds and false vocal cords was also recorded.

Assignment of regions, sites and N-category was according to 
the UICC [59]. Other variables considered were pretreatment his
tological grading, tracheotomy and/or tumour debulking in the diag
nostic period. For patients treated with laryngectomy with or 
without neck dissection, the following histological parameters of 
the surgical specimens were recorded: cartilaginous invasion, 
extralaryngeal spread (pTJ , resection margins, grading, vascular 
and perineural invasion, subglottic extension ( >5 mm beneath the 
true vocal cord) , state of paratracheal lymph nodes and neck nodes, 
involvement of the thyroid gland. Comparison between clinical and 
pathological T classification was performed (cT3 vs pT3-pT4) .
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'treatment:

The used treatment policies in the different centres can be 
divided in four different categories:

Primary surgery (n=137), with postoperative radiotherapy when 
indicated.
Planned combined therapy (n=113): pre-operative irradiation 
immediately followed by laryngectomy. In one subgroup pre
operative irradiation was combined with postoperative radio
therapy (sandwich therapy).
Primary radical radiotherapy, n=113.
Selective radiotherapy (n=146). The clinical response follow
ing radiotherapy was assessed in one institution a few days 
after 50 Gy (n=19) and in another institute about three weeks 
after 30-40 Gy (n=127). If fixed cords regained mobility or a 
major tumour regression was noticed radiotherapy was conti
nued. Laryngectomy was proposed in patients with minor (<50%) 
or no tumour regression.

resulted in three subgroups:
Continuation of radiotherapy after 30-40 Gy with a mean split 
period of 28 days.
Continuation of radiotherapy after 50 Gy with a mean split 
period of 14 days.
30-50 Gy Preoperative radiotherapy followed by laryngectomy 
after a rest period.

Two patients could not be classified in one of the four treat- 
modalities, so treatment results of 509 patients could be

evaluated.
^ A majority of patients (71%) received the preferred method of 

satment of the particular institute. In this study these patients 
WUl 136 assigned as "protocol: yes". For a number of reasons the 
Preferred therapy of choice of the institute was not given. These 
Patients will be assigned as "protocol: no".

^alysis of the data:

^ Crude and actuarial figures were calculated for survival, 
Regional control and the ultimate locoregional control obtained 

a^er salvage therapy.
Uncorrected survival (included all causes of death) , corrected

This
4a)

4b)

4c)
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survival (death from laryngeal cancer only) and NED survival (no 
evidence of disease) were calculated. Since it was difficult in 
some cases to discriminate between a second primary tumour and 
distant metastases, a modified corrected survival was introduced. 
Patients dying within three years after therapy from a tumour, 
which could not definitively be classified as a second primary, 
are regarded as dying from laryngeal cancer.

Residual disease (no complete response <3 months after radio
therapy) was included in locoregional failure. Patients who died 
intercurrently during the course of irradiation were considered not 
evaluable for locoregional control.

The NSD concept [43], and the linear quadratic model [3,19] 
were used to compare the effectiviness of locoregional control and 
risk of complications for the different radiation treatment re
gimes. For the linear quadratic model the formula of Fowler was 
used [20], taking into consideration treatment time (T) and poten
tial doubling time of clonogenic cells (T^,.) :

ERD = D x (1 + d/ (a/ß)) - (ln2 x T / (ax T^)) .

ERD = extrapolated response dose, D = total dose and d=fraction 
size. More details will be discussed in the paper concerning 
radiotherapy.

Statistics:

For univariate analysis the SPSS/PC [55], version 2.0 program 
was used. Statistical significance was calculated using chi-square 
test and Mann Whitney test. Actuarial graphs were computed using 
the method of Kaplan Meier, with the log rank test for computing 
statistical significance. Multivariate analysis was performed by I. 
van der Tweel, statistician. The Cox step by step proportional 
hazards regression [6] was used.

RESULTS

Clinical signs:

Besides hoarseness, the most frequent experienced symptoms 
were dyspnoea (28%), sore throat (26%), swallow disorders (24%) and 
otalgia (20%). Duration of clinical symptoms varied between 0 and 
99 months, mean 10.5 months, median 6 months.
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Smoking and alcohol consumption are shown in Figure V.2. Only 
23 patients (4.5%) did not smoke at all. Although nearly all pa
tients smoked for many years, in 87% the exact number of years of 
smoking was unknown. Unfortunately in 33% data about alcohol intake 
Were absent.

16-25

26

ALCOHOL UNITS/DAY CIGARETTES/DAY

. V.2: Alcohol and smoking habits.

Tumour extension:

A detailed description of tumour extension was available in 
aU but six patients (1%). In 115 patients the tumour was clini- 
cally limited to one region only (4 subglottic, 42 glottic (+/ 
S-M), 69 supraglottic). The subsites epiglottis, false vocal cords 
and aryepiglottic folds were involved in respectively 36%, 78-« 
and 28% (see Figure V.3). Survival analysis investigating the 
cUnical significance of tumour extension revealed that one 
distinct subgroup showed significantly better results. This sub
group consisted of tumours limited to the glottic region with or 
without involvement of the sinus Morgagni. On further analysis of 
Ahe data concerning prognostic factors, tumour extension in this 
study is hence divided into glottic region (with or without s.M.) 
ahd all others.
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Fig. V.3: Distribution of tumour extension, glot = glottic, supra 
= supraglottic, sub = subglottic, S.M. = Sinus Morgagni.

N-stage

In 22% (n=114) of the cases clinically tumour bearing lymph 
nodes were detected in the neck at first presentation. In 31 pa
tients cyto/histological verification of N-stage was used. Figure
V.4 reflects the localisation of clinically positive lymph nodes 
in the neck. Bilateral lymph node involvement was present in 15 
patients, isolated contralateral lymph nodes were rare (1 case 
only). In 71% nodal involvement was restricted to a single node, 
in 18 % two nodes were involved.

Histopathology:

The primary tumours were histologically classified in well 
(32%), moderately (46%) and poorly (14%) differentiated squamous 
cell carcinomas. In 8% grade was not specified. Correlation between 
pretreatment and postsurgical histological grading for patients 
receiving a laryngectomy as a part of the primary treatment is 
shown in Table V.l.
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Fig. V.4: Location of clinically positive neck nodes.

TABLE V.l: Correlation between histological grading of the biopsy 
(Pre-tr.) and grading of the surgical specimen (Surg) (n=230), 
excluding patients with a grade "non-specified" (n=69) .

Surg:
Pre-tr.

well moderately poorly

Well differentiated 86% 12% 2%
Moderately differentiated 24% 70% 5%
Poorly differentiated 13% 19% 68%

Therapy:

Seventy-one patients (14%) required tracheotomy prior to 
therapy for dyspnoea. In Table V.2 pretreatment patient charac
teristics are shown for the four different treatment groups.
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TABLE V.2: Distribution of patient characteristics among the four 
treatment groups:

PRIM.SURG
N=137

. PRIM. RT. 
N=113

COMB. TH. 
N=113

SEL.RT. 
N=14 6

FEMALE (%) 10 9 4 9
AGE (MEAN IN YR) 63.3 68.3 60.3 63.6
DELAY (MEAN IN MO'•) 11.9 9.0 11.1 10.0
SORE THROAT (%) 26 28 31 23
OTALGIA (%) 20 19 26 17
DYSPNOEA (%) 40 17 24 28
SWALLOWING
COMPLAINTS (%) 21 27 31 21
NON-SMOKING (%) 5 5 3 7
ALCOHOL 2.5 2.9 2.7 2.8
(MEAN UNITS/DAY)
GLOTTIC +/- S.M. (%) 12 11 4 8
CLINICAL N+ (%) 21 22 27 19
PREVIOUS TRACK. ( %) 15 14 13 13
PROTOCOL YES (%) 82 42 94 74
GOOD-MODERATE-
POORLY DIFFER. ( %) 50-38-12 31-52-15 32-52-16 24-60-16

PRIM.=priinary, SURG.=surgery, COMB. TH.=combined therapy, RT=ra- 
diotherapy, SEL.=selective, TRACK.=tracheotomy, DIFFER.=differen- 
tiated (primary biopsy)

Significant differences found in distribution of possible 
prognostic factors between the four treatment groups are age, 
dyspnoea and treatment according to the preferred standard treat
ment (protocol: yes). Patients treated with planned combined 
therapy were significantly younger, primary irradiated patients on 
the contrary were significantly older. For patients treated with 
primary surgery dyspnoea symptoms predominated. Treatment not ac
cording to the preferred standard treatment (protocol: no) was 
noted in 144 patients (28%). These patients were generally treated 
with radiotherapy alone. Although not treated according to the 
preferred therapy of the institute 120 patients still can be 
regarded as treated adeguately. The remaining 24 patients received 
a total dose of less than 50 Gy or died during the course of 
treatment as a result of intercurrent disease. In Table V.3 the

78



reasons for choosing a variant therapeutical option are given.

Table V.3: Therapy other than the preferred standard treatment 
°f the institutes and reasons for deviation.

Surgery Radiotherapy

Age 4 12
Medical reasons 24 27
Refusal of therapy re- 2 25

guired by protocol 
"others" 5 6
Unknown 5 10

40 80

Loco-regional control:

The crude local control rate was 74% and 5-year actuarial 
T°cal control rate was 72% (Figure V.5).

SURV.

24 30
MONTHS

’ T/-5} 7 ƒ ) d.Tld u.1 tunst©prg. V.5: Actuarial local relapse Mn sguamous cell
locoregional relapse free survival (+), T0 «0.3 0
carcinoma (n=511) .
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The time interval between start of therapy and diagnosis of 
relapse varied between 0 (residual disease, n=30) and 72 months, 
mean 12 months (Figure V.6). Twelve patients were not included for 
analysis of local control as they received an incomplete course of 
radiotherapy due to intercurrent death. In five patients data con
cerning local control were missing. Absolute local control was 57% 
for primary radiotherapy and 45% for selecting radiotherapy, fol
lowed by a boost dose (protocol: yes: 44% for 30/40+ Gy, 67% for 
50+ Gy).

100

80

60

40

20

0
0 12 24 36 48 60 72 84 96 108 120

MONTHS

CUM. %

Jf

if
Ï

l

Ü

/
+ 1 I 1 I 1 I 1 I 1 I 1 I 1 f-H-

—“ LOCAL REC. 

-I— NODAL REC.

DISTANT META.

Fig. V.6: Interval between start of therapy and local, regional 
recurrence and distant metastases, cumulative percentage, relapses 
only.

Regional failure was observed in 25/114 (22%) patients with a 
clinically positive neck, including 8 patients with residual dis
ease. Regional failure rate was 10% for clinically node negative 
patients. Regional failure was diagnosed after a mean period of l3 
months, range 0-78 months (Figure V.6). The correlation between 
regional failure, clinical N-stage and therapy is given in Table
V. 4.
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TABLE V.4: Regional failure correlated to N-stage and therapy.

Primary
Surgery

Primary
Radioth.

Combination
Therapy

Selective
Radioth.

26/108 (24%) 4/88 (5%) 2/82 (2%) 7/118 (6%)
3/26 (12%) 4/16 (25%) 2/28 (7%) 8/21 (38%)
0/3 1/6 0/3 1/3
" 1/3 " 2/4

Salvage:

For patients with a local relapse without regional failure 
(h=loo), salvage therapy was successful in 44%. Regional failure 
Without local relapse (n=35) could be controlled in 46%. However, 
Tocoregional salvage failed in 25/26 patients with a combination 
°f local and regional recurrence. Table V.5 shows the correlation 
between successful salvage and performed salvage therapy.

TABLE V.5: successful salvage of locoregional failures, dependent 
°h performed salvage therapy:

Salvage therapy:
Local relapse 

n=100
Regional relapse 

n=35
Local+Regional

n=26

Surgery 
Radiotherapy 
Chemother apy 
Combined therapy 
no therapy

39/56 10/17 1/10
2/5 1/3 0/2
0/6 0/5 0/4
3/7 5/9 0/8
0/26 0/1 0/2

44/100 16/35 1/26

Ultimate locoregional control (including salvage therapy) was
"7 ft 9-°' actuarial overall 5-year result was 77% (Figure V.5).

Distant metastases were proven in 38 patients (7.5%) and 
Uspected in 22 cases (4.5%), see Figure V.6 for the time interval 
after therapy. Host predominant sites of distant metastases were 
iung (61%) and bone (7%).
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Survival:

Five year actuarial corrected, NED, and uncorrected survival 
was respectively 70%, 61% and 50% (Figure V.7) . Ten year uncorrec
ted survival was 30%. The 5-year modified corrected survival was 
66%.

% SURV.100 t. .

0 12 24 36 48 60 72 84 96 108 120
MONTHS

—— CORRECTED

UNCORRECTED

N.E.D.

Fig. V.7: 
disease 
(n=511).

Actuarial corrected , 
(NED) survival for T3

uncorrected and 
N0_3 M0 squamous

no-evidence-of~ 
cell carcinoma

Figure V.8 shows that corrected survival did not improve when 
comparing the later years 1983/84 with the early years of study 
1975/76.

A therapy according to a preferred standard strategy resulted 
in a significantly higher corrected survival (pcO.0001) compared 
to patients not treated by the preferred therapy (Figure V.9).
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% CORR. SURV.

6 12 18 24 30 36 42 48 54 60

MONTHS

1975/76 (N- 93) 

1983/84 (N-109)

V.8: Actuarial corrected survival , years of treatment 1975-76 
(n=93) vs. 1983-84 (n=109), p = not significant.

% CORR. SURV.

6 12 18 24 30 36 42 48 54 60

MONTHS

PROTOCOL YES 

PROTOCOL NO

Fi9- V.9; Actuarial corrected survival, preferred standard treat- 
®ent (protocol: yes, n=376) vs. others (protocol: no, but adequate 
treatment, n=120); p<0.0001.
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In Figure V.10 corrected actuarial survival is represented for 
the four different treatment groups. Details will be given in the 
papers, dealing especially with these groups.

% CORR. SURV.

-S- Surg. prim.—Sel.RT Comb. th.

MONTHS

Fig. V.10: Actuarial corrected survival for selective course of 
radiotherapy, combined therapy, primary radiotherapy and surgery.

Multivariate analysis:

Independent factors for corrected survival were tumour ex
tension (glottic +/- s.M. fared better), at first presentation 
cyto/his tological proven positive neck nodes, and treatment. 
Planned combined therapy fared better, continued radiotherapy 
after a 30-40 Gy selective course fared worse.

Multiple primary tumours:

In 3% of the patients there was a history of previous 
carcinoma, mainly bronchial carcinoma. A second primary cancer was 
diagnosed synchronously with T3 laryngeal cancer in 2%. Second 
primary cancers following treatment of T3 laryngeal cancer were 
recorded in 77 patients. Five patients (1%) developed a third 
malignant tumour. Sixty-two percent of these metachronous tumours 
were bronchial carcinomas (see Table V.6).
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TABLE V.6: Incidence and location of second primary tumours.

previous synchronous metachronous

All 14 (3%) 10 (2%) 82 (16%)

bronchial ca. 12/14 2/10 51/82 (62%)
N & N tumours - 2/10 11/82 (13%)
Tastro-intestinal 1/14 - 12/82 (15%)
Urological tumours - - 4/82 ( 5%)
thyroid - 3/10 -
—-----

Second primary cancers following treatment of T3 laryngeal 
cancer were recorded in 77 patients. The cumulative actuarial risk 
f°r a secondary tumour following therapy is shown in Figure V.ll. 
No significant correlation was seen between risk of metachronous 
tumour and smoking and alcohol habits, tumour extension (glottic 
Vs supraglottic) and treatment. Female patients showed significant 
lower rates of multiple primary tumours, 7.3% vs 19.5% for men, 
P~0.054.

CUMULATIVE %

— MULTIPLE PRIM.

1 1 I 1 1 1 I
0 12 24 36 48 60 72 84 96 108 120

MONTHS

^9. V.ll: Cumulative risk of metachronous tumours (skin tumours 
Xcluded), related to time after treatment.
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DISCUSSION

In 1984 the Dutch Head and Neck Oncology Cooperative Group 
(NWHHT) was founded. Head and neck oncology groups of the Univer
sity Hospitals and the two cancer institutes cooperate to arrange 
retro- and prospective studies, and to exchange scientific ex
perience by means of annual meetings.

In literature the question of the optimal treatment for T3 
laryngeal cancer remains controversial. In the early seventies 
several papers [13,21,32] recommended preoperative radiotherapy 
and surgery as the preferred therapy. In a prospective randomized 
trial, however, postoperative radiotherapy and surgery (60 Gy/6 
weeks) showed a significantly better locoregional control compared 
to preoperative radiotherapy (50 Gy/5 weeks) [2,52] for stage 
III/IV supraglottic laryngeal cancer.

Some authors [1,14,35,51] prefer surgery as the standard 
treatment for T3 cancer, taking it for granted that this will give 
the best survival rates. Although in selected cases a partial la
ryngectomy may be considered [5,33,35,48,51], in most cases a total 
laryngectomy will be mandatory. A total laryngectomy in general 
will compromise quality of life, so "the surgeon must offer im
provement in prognosis sufficiently significant to justify such a 
procedure" [9].

Radical radiotherapy may achieve comparable corrected survi
val rates [24,30,34,46,56,57,63] with the advantage of voice pre
servation in at least 50% of the patients. For reason of selection 
criteria (poor general condition, older age, mental illness) uncor
rected survival rates for patients treated with radical radio
therapy in general are less favourable [17,42] when compared to 
surgery.

Finally some authors [4,34,40,54] suggested that the rate of 
tumour response during the course of radiotherapy should be evalu
ated in order to decide whether radiotherapy should be continued 
or stopped to perform a total laryngectomy after a short interval.

When reviewing the literature we have to deal with various 
selection criteria such as tumours limited to the glottic area, Nq 
only, good performance state only, and differences in the staging 
procedures. In 50 patients staged clinico-endoscopically as T3, 26
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had to be upstaged to T4 by radiologic investigation [31]. Loco- 
regional control rates, however, were egual for both groups.

A great variety of endpoints (crude survival, corrected 
survival, NED survival, absolute and actuarial figures etc.) and 
statistical methods makes intercomparison between published treat
ment results difficult. No data of a prospective trial for T3 
laryngeal cancer are available at this moment.

For reason of the aforementioned difficulties the NWHHT 
decided to set up a retrospective study in conjunction with the 
Participating centres. Although a multi-institutional retrospective 
study has some shortcomings, the advantages for the Dutch situation 
are:

1* All patients were staged clinico-endoscopically, selection 
criteria were immobile vocal cord(s) and no extralaryngeal 
spread.

p A vast majority of all T3 cases m the Netherlands are treated 
in the participating institutes.

In the participating institutes follow up was very precise.

^ In most institutes the preferred standard treatment did not 
change between 1975 and 1984.

5 • The four main treatment strategies were equally distributed. 

All data were centrally stored and checked.
7 * All data were analysed with the same statistical methods and 

for the same treatment endpoints (locoregional control, survi
val, complications).

In this paper we will focus on general results of the 511 pa
tients with a T3 squamous cell carcinoma of the larynx.

Survival rates for T3 laryngeal cancer did not improve in the 
c°urse of time. Overall survival rates, however, did improve over 
the years for laryngeal cancer [12]. Since no increase in number 
°t Tj laryngeal cancer was noticed between 1975 and 1984 and the 
lncidence rates of laryngeal cancer in general increased [1,11,15, 
39] over the years, one has to assume that more cases are detected 
1h an early stage.
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The mean age of 64 years for all patients is slightly higher 
than those published in literature (52-64 years) [16,21,33,37,47, 
53,65,63]. Patients selected for surgery were younger, as in data 
from the literature [21,33,47]. Conflicting opinions concerning 
age as a prognostic factor in laryngeal cancer are present. 
Lundgren et al. [37] showed a better local relapse free survival 
for patients older than 60 years treated by radiotherapy. Huygen 
et al. [27] and Mittal et al.[42], on the contrary, published 
diminished survival rates for older patients. Younger patients may 
show poor survival rates, caused by self neglect and heavy smoking 
and alcohol habits [41]. Webber [62], however, demonstrated no im
paired survival for young patients.

Eight percent of the patients was female. Although local 
recurrence free survival after radiotherapy is known to be signifi
cantly better for female patients [29,37,44] most female patients 
in our study received surgery.

Shortness of breath, indicating bulky disease, was seen in one 
out of four patients. For these cases in general, surgery was the 
preferred standard treatment. The duration of clinical symptoms 
showed in our study is comparable with data from Pera et al. [47] 
and Eibrand et al. [16].

Tobacco is a well known risk factor for laryngeal cancer. In 
our study only 5% non-smokers were seen, comparable with the 3.7% 
glottic and 0.4% supraglottic non-smokers in 2540 patients pub
lished by Bruyere [8]. The relative risk for tobacco is 10 [58], 
independent of site. Alcohol abuse (>80 gram alcohol daily) leads 
to an increased risk of supraglottic cancer of 4.3 and glottic 
cancer of 2.1 [58]. Tobacco and alcohol in joint exposure act 
synergetically [11]. More than three units of alcohol daily was 
used as a criterion in our study in 76 patients. Five year corrected 
survival for this group was 56%, compared to 73% for patients using 
0-3 units alcohol daily (PcO.OOl). Unfortunately in 1 out of 3 
cases alcohol consumption was unknown, so for further multivariate 
statistical analysis this factor was not included.

Tumour extension:

Most tumours in this study extended to more than one site. Ih 
these cases it is often not possible to identify the site of 
origin. Analysis of our data revealed that tumours limited to the 
vocal cord (+/- s.M) had, independently, a significantly better
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survival (p=0.05, corrected for N-stage), as also found by other 
authors (glottic > multiregion [1,56], glottic > supraglottic or 
aH three regions involved [37,47,53,63]). This indicates the 
heterogeneity of T3 laryngeal cancer.

N~stage:

Twenty-two percent of our cases showed clinically positive 
lymph nodes at first presentation. In the literature a wide 
Variation in incidence of neck node metastasis from T3 laryngeal 
Cancer is shown (11-38%) [7,13,17,25,30,32,42,46,56], mainly 
dependent on the selection procedures. If the tumour is limited to 
the vocal cords nodal metastases are rare. In only 4% of the pa
tients metastases were detected, which is significantly different 
tmom all others (23%, p=0.03). The distribution of positive lymph 
node levels by clinical staging at first presentation in our study 
tits well with other clinical [36,40,61], as well as pathological 
studies [10]. Submandibular, posterior triangle and supraclavicular 
n°des are rarely involved, and, if so, are combined with metastases 
at other levels [10], The level of involvement of regional nodes 
(high and mid-jugular nodes fare better) and the number of positive 
fteck nodes (0-1 fare better) influenced survival in our study signi- 
ticantly. Presence of cyto/histological proven neck nodes were, 
ihdependently, correlated with corrected survival.

In our study pretreatment tracheotomy was performed in 14% of 
the cases. This was not associated with a significantly increased 
risk of stomal recurrence (11.3% vs 7.3% for yes or no pretreatment 
tracheotomy respectively), which is in accordance with recent re- 
P°rts [23,38].

ogy:

The distribution of the pretreatment histological grading in 
0llr study correlates well with published data, especially the per- 
°ehtage poorly differentiated tumours [34,44,47]. A notable shift 
wards higher differentiation grades is shown in the laryngectomy 
Pscimens, compared to the pretreatment distribution. Since tumour 
9rade is shown to be correlated with survival [44,47], this shift 
Itlay be important.
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Loco-regional control:

Actuarial local control rate in this study was 72%, and was 
dependent on the different treatment strategies. Regional control 
was high for N0 patients treated with radiation alone or combined 
therapy, as seen elsewhere in the literature [7,13,37]. 
Laryngectomy alone in this study showed decreased regional control 
rates, as can be expected since conversion to a positive neck in 
N0 cases may be as high as 40-45% [22,42].

Nearly all recurrences (95%) occurred within the first 3 years 
after therapy, confirming published data [7,16,18,37], so the use
fulness of follow-up after three years is limited to the detection 
of second primary tumours, since the potential risk of a recurrence 
after three years is only 1.5%.

Salvage for locoregional failures was only successful in 
38%. Surgical salvage for local radiation failures was, when at
tempted, more successful than elsewhere in the literature, 69% 
(41-59%) [37,51,61]. Regional relapses, not associated with local 
failure, could be salvaged by neck dissection with or without 
radiotherapy in 46%. Combined local and regional failures, however, 
showed a very poor prognosis (successfully salvaged in 1/26). For 
surgically treated patients initial control rates must be as high 
as possible, since radiotherapy and particulary chemotherapy were 
not successful for locoregional failures. The incidence of distant 
metastases was low. However, Zbären et al. [64] showed that at 
autopsy in 75% of patients with head and neck tumours distant 
metastases may be missed clinically prior to death. A high in
cidence of metastases was found in the lungs (as in our data) , but 
also in the liver (42%).

Survival:

The overall 5-year corrected survival rate of 70%, and 5-yeat 
uncorrected survival rate of 50% compare well with the literature 
(see Table V.7) . Corrected survival was diminished for patients not 
treated according to the preferred standard treatment. Whenever 
this therapy could be regarded as adequate the corrected survival 
is still 64%. There are many reasons to violate the preferred 
standard treatment policy. When radiotherapy is the preferred 
standard treatment the policy may be changed to surgery for cases 
with a bulky tumour or palpable N2_3 nodes [30,56]. Radiotherapy may
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be selected for favourable cases (female, adequate airway, uni
lateral vocal cord involvement, ease of examination, believed to 
be reliable for follow up) [30,46], or on the other hand be select
ed for adverse criteria (advanced disease, poor pulmonary or 
cardiac reserves, general debilitation, inoperability, poorly dif
ferentiated tumours) or a variety of other criteria (age, refusal 
°f laryngectomy, livelihood depends on their voice, patient cannot 
^ead or write, etc.)* Primary radiotherapy and primary surgery 
resulted in equal survival rates. Planned combined therapy showed 
bhe best corrected survival rates, modified 5-year survival was 
81%. For patients treated by a selective course of 30-40 Gy, 
followed by a boost dose, corrected survival was worse.

Multiple primary tumours:

The incidence of multiple primary tumours was 21%, including 
tumours found before and simultanously within the period of diagno- 
Sls and treatment of laryngeal cancer. Bronchial carcinoma pre
dominates, as found in the literature [26,28,49,50,60]. The im
portance of second primary tumours after therapy becomes more 
striking when we consider the cumulative estimation of risk (Figure 
^•il), 16% after five years, 34% after ten years, with a mean 
ahnual risk of 3%. Males had a statistical significantly increased 
frequency of multiple primary tumours, as found by Joergensen et 
al* [28] and de Vries et al. [60]. Type of treatment [45] and tumour 
extension [60] were not related to multiple primary tumours in this 
study, in contrast to the data of Joergensen et al. [28], showing 
higher incidence rates for supraglottic tumours.

Prevention and early detection of multiple primary tumours may 
b® more important in improving survival for T3 laryngeal cancer 
than further improvement in radiotherapy and/or surgery.
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TABLE V.7: Comparison of survival rates for Tz laryngeal cancer 
(not included are studies, in which T3/T4 are not separated) .

published report: 
(author + year)

n= selection therapy survival

Fletcher 46 TLE NED 2 yrs: 57%
1970 [18] 21 RT 48%

21 COMBT. 52%

Leroux-Robert 180 N0,glot.+sub TLE Uncorr.: 5é%
1975 [35] 37 N0,glot.+supra TLE 61%

239 7 N+,transgl TLE 56%

Ennuyer 29 RT Ult.l.r.c.: 48%
1975 [17] 20 COMBT 80%

Alajmo 99 supraglottic TLE corr. 5 yr.:64%
1976 [1] 144 glottic TLE 80%

57 subglottic TLE 58%

Stell 28 N0,glottic RT corr. 5 yr. :80%
1982 [56] fixed cords

71 multiregional RT 60%

DeSanto 106 Nq glottic TLE corr. 5 yr. :80%
1984 [14]

Kessler 27 N0, small part. LE NED 2 yr. : 85%
1987 [33]

Robbins 28 RT corr. 5 yr.:70%
1988 [48] 27 TLE 78%

21 small part. LE 89%

Lundgren 141 N0 glot. RT corr. 5 yr.:72%
1988 [37]

Parsons 21 RT corr. 5 yr.:81%
1989 [46] (MFD)

This study 511 all TjNq.3 all corr. 5 yr. :70%
uncorr.5yr.:50%

TLE=total laryngectomy,part. LE=partial laryngectomy,RT=radiothe-" 
rapy,COMBT=combined therapy,MFD=multiple fractions daily, NED=nO' 
evidence-of disease, Ult. l.r.c.=ultimate locoregional control.
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CONCLUSIONS

Several pretreatment parameters are discussed. Corrected 
survival was, independently, significantly better for patients 
with tumours without (cyto/histological) proven neck nodes, or 
with tumours limited to the glottic region.

Survival after primary radiotherapy and primary surgery was 
equal.

For reason of quality of life primary radiotherapy has to be 
preferred to primary surgery.

Regional control was better for planned combined therapy com
pared to primary surgery.

Planned combined therapy showed a significant corrected survi
val benefit compared to primary radiotherapy. In a prospective 
study these two treatment options should be weighed, comparing 
quality of life and survival.

To improve overall survival, prevention and early detection of 
multiple primary tumours are important, an annual risk of 3% 
was shown.
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SUMMARY

In a retrospective study of the Dutch Cooperative Head and Neck 
Group 104 evaluable patients with a T3 N0_3 Mq squamous cell carci
noma of the larynx were treated primarily with a full course of 
radiotherapy. The results of treatment are presented in terms of 
locoregional control. The actuarial 3-year local control rate was 
53%. Regional control was 77% for node positive patients and 96% 
for N0 patients (p=0.01) . Surgical salvage was successful in 53% of 
cases with a local recurrence and in 3/8 regional recurrences, re
sulting in an ultimate locoregional control rate of 83% for N0 pa
tients and 68% for N+ patients. An uni- and multivariate analysis 
of local control rate versus total dose, nominal standard dose, and 
extrapolated response dose has been done. To calculate extra
polated response dose the linear quadratic equation was used, 
assuming an a/ß of 10 and a potential doubling time of clonogenic 
cells of 3, 5, and 7 days. In multivariate analysis extrapolated 
response dose with a potential doubling time of 5 days was the only 
independent prognostic factor for local control (p=0.069) and 
ultimate locoregional control (p=0.0015). Nominal standard dose 
showed no dose-response relationship. Based on the S-shaped dose 
response curve, using the LQ model, several therapeutical options 
are discussed.

Key words: T3 laryngeal cancer, Local control, Radiation therapy, 
Dose Response, NSD, LQ-model.

INTRODUCTION

In Tj laryngeal cancer the choice for the best primary treat
ment is still in debate. Surgery, either as a single modality 
therapy or as part of a combined therapy, is the treatment of 
choice for some institutions [4,29,32], claiming better survival 
rates. Radiotherapy as the primary treatment with salvage surgery 
in reserve is a challenging alternative for others, since more than 
half of the patients may be cured with preservation of their larynx 
[11,12,14,16,41].

In a retrospective study of the Dutch Cooperative Head and 
Neck Group, in which seven teaching hospitals and two cancer in
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stitutes* participated, data were analyzed from patients treated 
for T3 laryngeal cancer. This paper focuses on patients treated 
primarily with a full course of radiotherapy. The local control 
probability was correlated with the total dose, nominal standard 
dose (NSD values) [24] and extrapolated response doses (using the 
linear quadratic (LQ) model) . For the LQ equation we used a new 
variant, proposed by Fowler (written communication, September 
1988) with a correction for overall treatment time effect con- 
cerning acute effects. The aim of this paper is to study the 
dose-effect relationship for local control, with an attempt to 
determine an optimum dose for higher local control rates.

METHODS AND MATERIALS

In a retrospective study undertaken by the Dutch Cooperative 
Head and Neck group, the data of 531 patients with clinically 

no-3 ^ laryngeal cancer were analyzed. We excluded for analysis 
Patients with M,, patients with non-squamous cell carcinoma, and 
Patients with insufficient data. Therefore, 511 patients could be 
evaluated. Patients were treated between 1975 and 1984. The minimum 
follow-up at the time of analysis was 3 years; the median follow 
UP was 72 months.

During the period of study four main treatment strategies were 
used (see Table VI.1).

One hundred thirteen out of 511 patients were treated pri
marily with a full course of radiotherapy, and 146 patients were 
^reated with a 'selective course of radiotherapy', with an initial 
Hose of 40/50 Gy. When the tumor showed clinically marked regres
sion of tumor mass or when the vocal cords became mobile, radio
therapy was continued. Because this selection, based on regres- 
sion, may have an impact on local control rates [33,34], only data 
thorn patients treated primarily with a full course of radiotherapy 
sre used in this study. Nine out of 113 patients were excluded from 
this analysis, two patients because they received neutron therapy 
and seven other patients because they did not complete radiotherapy

-University of Rotterdam, Nijmegen, Leiden, Utrecht, Groningen, 
Maastricht, Free university of Amsterdam, Radiotherapeutic insti- 
hte of Limburg, the Netherlands Cancer Institute and Dr. Daniel den 
°ed Cancer Center.
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and died intercurrently. The UICC TNM classification [39] was used. 
Until 1987 the T3 parameter had never changed.

TABLE VI. 1: Treatment strategies in T3 N0_z M0 squamous cell 
carcinoma.

Strategy No.

1: Primary surgery (+ or - PORT*) t 137 
2: Preoperative radiotherapy + surgery ( + or - PORT ) 113 
3: Primary radiotherapy 113 
4: Selective course of radiotherapy 146

* PORT=post operative radiotherapy.

Twenty-one percent of the patients (22/104) had clinically 
positive neck nodes (N, 14, N2 5, N3 3) . In 12% of the patients, the 
extension of the tumor was confined to the glottic region only, 
without supra- or subglottic extension (see Table VI.2).

TABLE VI.2: T3 N03 M0 squamous cell carcinoma, distribution of 
patient and tumor characteristics in primary radiotherapy vs all 
patients.

N+ Sex mean ag gi-2-3
(male) (yrs)

glottic 
region only

Prim. RT: 21% 91% 68
(n=22) (n=95)

Total
Group: 22% 92% 64

* 7 missing, ** 6 missing

31-53-16% 12%
(n=30-51-16*) (n=ll**)

34-51-15% 8.2%

Some patient and tumor characteristics are shown in the same 
table, comparing the primary radiotherapy group with the total 
group of patients. In 44 patients primary radiotherapy was the 
treatment of first choice, according to the protocol of the insti
tute. Eighteen patients refused surgery and 31 patients were medi
cally inoperable or too old for surgery. Eleven patients received 
radiotherapy for various other reasons.
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Treatment modalities:

Sixty-four patients were treated with 60Co; 58 patients were 
treated with a linear accelerator. Most patients were treated with
4-5 fractions a week (81%) with a mean treatment time of 48 days. 
Twenty patients were treated with multiple fractions a day, with 
10 fractions a week, mean treatment time 38 days. Because of acute 
reactions a split period of 5 days or more was necessary in 17/104 
Patients with a mean split period of 14 days (range 6-26) .

The dose, administered to the primary tumor, ranged from 48 to 
79 Gy, median dose 66 Gy, the mean dose was 65.7 Gy. Shrinking 
fields were used. Neck nodes were treated to a mean total dose of 
50 Gy in node negative patients. Clinically palpable nodes received 
a mean dose of 60 Gy. No primary neck dissection was performed. In 
Figure VI. 1 the distribution of total dose to the primary tumor is 
given.
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VI.1 : Distribution of total dose (Gy), NSD values (rets), and 
&RD values (Gy) for a potential doubling time of 5 days and an cc/ß
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Mathematical methods:

To determine iso-effect doses for different fractionation and 
treatment time schedules, we used the NSD concept of Ellis, mod
ified by Orton [8,24], and the linear quadratic model by Dale and 
Fowler [6,7,9,10]. We compared both models, looking for the most 
appropriate dose-response curve.

NSD formula: Total dose = NSD x N0'24 x T011

(N = number of fractions, T = treatment time in days) (see for 
distribution of NSD values Fig. VI.1).

Extrapolated Response Dose (ERD) for acute effects was cal
culated using the linear quadratic model, modified by Fowler 
(written communication, September 1988):

ERD = D (1 + d/ (a/ß)) - (0.693/ a) * (T/ T^)

ERD=Extrapolated Response Dose (in Gy) , D=Total dose (in Gy) , 
a/ß=dose, at which the linear and quadratic component are equal, 
d=dose per fraction (in Gy) , T=treatment time, Tp0t=potential 
doubling time of clonogenic cells.

NSD and ERD values were calculated for each patient individually.
Data from the literature [9,44] indicate that the most 

appropriate a/ß value for laryngeal cancer will be around 10. Since 
data on the potential doubling time [2,5,10,25] show a distribution 
from about 3 to 7 days in head and neck cancer, we calculated three 
different ERD values, assuming a potential doubling time of 3, 5, 
or 7 days for all patients.

In Figure VI.1 the distribution in ERD values to the primary 
tumor is given for a potential doubling time of 5 days.

Statistics:

For statistical analysis the SPSS/PC* program was used. Local 
control data (initial and ultimate, including salvage therapy) are 
reported. Absolute and actuarial values, using the method of Kaplan 
and Meier, were calculated. Statistical significance was calculated

*SPSS/PC+, Version 2.0, SPSS Inc., 444 N. Michigan Ave., Chicago, 
IL 606111
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by the chi-square test. For multivariate analysis Cox proportional 
hazards regression analysis was used [3].

RESULTS

Locoregional control:

The absolute local control rate for the total group of 104 pa
tients was 57%. Taking into account intercurrent death, actuarial 
control rates were also calculated. The 3-year actuarial local 
control rate was 53%. Local control was 55% for patients treated 
with multiple fractions daily (n=20), not significantly different 
from patients treated with a single daily fraction (n=84, local 
control 57%). A small group of 15 patients were treated with 2 
daily fractions of 1.25 Gy, interval in general 4 hr, without a 
split period, to a mean total dose of 68 Gy. Local recurrence in 
this group occurred in 33%. However, significantly more women (27%) 
were seen compared to the group of patients treated with a single 
fraction (5% women, p=0.01).

In Figures VI.2, VI.3, and VI.4, actuarial local control 
curves are shown for four groups from low to high dose values. 
Total dose, regarded in four separate groups (<61 Gy, 61-65 Gy, 
66-70 Gy, >70 Gy), as a parameter for local control is shown in 
Figure VI.2.

PROB.

1. O r

. B -

. B -

MONTHS

Fig. VI.2: Actuarial local relapse-free survival related to total 
dose, 0=<61 Gy, 1=61-65 Gy, 2=66-70 Gy, 3=>70 Gy.
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Local control, related to NSD values or ERD values with a 
potential doubling time of 5 days, is shown in Figures VI.3 and
VI. 4, respectively.

PROB.

Fig. VI.3: Actuarial local relapse-free survival, related to NSD, 
0=<1725 rets, 1=1725-1850 rets, 2=1851-1925 rets, 3=>1925 rets.

PROB.
1. O p

. e -

. 4 -

o. o

MONTHS
Fig. VI.4: Actuarial local relapse-free survival, related to ERD 
for a potential doubling time of 5 days, 0=<51.0 Gy, 1=51.1-58.0 
Gy, 2=58.1-61.5 Gy, 3=>61.5 Gy.
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In Figure VI.5 the probability of local control against ERD 
for three different potential doubling times of clonogenic cells, 
3, 5, and 7 days, is illustrated. Cut-off levels in total dose, 
NSD, ERD with a potential doubling time of 3, 5, or 7 days, with 
a maximum chi square value for probability of actuarial 3-year 
local control, are shown in Table VI.3.

PROB.

ERO
Fig. VI.5: Local control probability related to ERD in Gy for three 
m&an potential doubling times, 0=7 days, 1=5 days, 2=3 days.

TABLE VI.3: Chi square values for probability for local control 
(LC, 3-year actuarial values)

cut off 
level

No.
< / => LC % chi square value

^°fal dose (Gy) 66 64/40 47 VS 63 4.59 (p<0.05)
(rets) 1850 66/38 48 vs 63 1.689 (ns)

ERD t
P01 3 45 69/35 44 vs 68 11.64 (p<0.001)

(Gy) 5 58 66/38 42 vs 72 15.38 (p«0.001)
7 64 69/35 45 vs 70 10.58 (p<0.005)
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Only a small group of patients with very high NSD values (> 
1925 rets, n=20) experienced a better local control rate. Using the 
LQ concept a good separation was possible with a S-shaped dose 
effect curve. The cut-off level, that showed the most significant 
difference in 3-year local control, was seen for an ERD of 58 Gy, 
assuming a potential doubling time of 5 days (see Table VI.3).

The regional control for N0 patients (n=82) was 96% and for 
patients with clinically suspect lymph nodes (n=22) 77% (p=0.01).

Ultimate locoregional control:

Local recurrences could be salvaged in half of the cases 
(24/45, 53%). Of the regional recurrences (8) three could be
salvaged by neck dissection. Therefore the ultimate locoregional 
control (primary controle and yield of salvage therapy) was 83% for 
N0 patients and 68% for N+ patients.

The local and ultimate locoregional control rates were related 
to some possible prognostic factors as shown in Table VI.4.

TABLE VI.4: Local control (LC) and ultimate locoregional control 
(ULT LRC) (including salvage therapy) in relation to possible 
prognostic parameters, univariate analysis.

No LC % ULT LRC %

male / female 95 VS 9 56 VS 67 79 vs 89
glottic only / others 11 vs 87 55 vs 58 100 vs 79
N0 / N+ 82 vs 22 57 vs 55 83 VS 68 *
dyspnoea yes / no 18 vs 84 39 vs 61 41 vs 88
tracheotomy yes / no 14 vs 90 36 vs 60 36 vs 87
Gl - G2 - G3 30--51--16 60--55--69 87-78-81

*=significant

Multivariate analysis for local control:

Using the Cox PH regression analysis in a stepwise manner, 
local and ultimate locoregional control were analyzed. The co- 
variates total dose, sex, nodal stage, glottic region only, NSD,
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and ERD were used. ERD values with a potential doubling time of 5 
days showed the only statistically independent covariate for local 
control (p = 0.069) and ultimate locoregional control (p=0.015).

Complications:

Laryngeal edema (mostly mild) was noticed in 24% (14/59) of 
the locally controlled patients more than 6 months after completion 
of radiotherapy. One patient needed a permanent tracheatomy. 
Severe complications (fistulas, carotid rupture, etc.) after 
salvage surgery were dose-dependent. Patients treated with 70 Gy 
or more experienced 41% severe complications compared to 13% for 
patients treated with less than 70 Gy (p=0.02).

DISCUSSION

The advantage of primary radiotherapy for T3 laryngeal cancer 
is the possibility of preserving of the larynx [15]. So, improve
ment of local control with radiotherapy in T3 laryngeal cancer is 
the most challenging objective [18]. In this study we focused on 
increasing the therapeutic effect by establishing the optimum 
level of radiotherapy in T3 laryngeal cancer, based on 104 patients 
treated with radiotherapy out of a total of 511 patients of a 
introspective study of the Dutch Cooperative Head and Neck Group.

Since the patients in this study were treated with different 
fractionation schedules, total absorbed dose per se may not be the 
best parameter for local control [40]. In our study no clear
S-shaped dose effect curve could be demonstrated using total dose 
as parameter, although a marginal significant cut-off level was 
Seen at a dose of 66 Gy. To calculate eguivalent total dose we 
Used two mathematical models, the NSD and LQ concept.

Though widely used for many years, the NSD formula has been 
criticized for the following reasons [1,9,42]:

(1) The exponent of N (0.24) is a measure for iso - effect doses 
for skin and acute reactions. For other tissues, however, this 
exponent may range from 0.2 to 0.5.

(2) There is no separation in early and late radiation reactions. 
Clinical data [4,19,37] showed more late damage for same NSD 
iso- effect doses with larger fractions a day.

(3) The range of number of fractions for which the NSD formula may
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be used is limited.
(4) Accelerated repopulation of tumor cells especially plays a 

role, starting 3-4 weeks after initiation of radiotherapy 
[43]. The correction factor for overall time in the NSD 
formula, based on normal tissues, is 0.11; in other words, 
the tolerance dose increases for normal tissues relatively 
more during the first week of treatment and decreases in the 
subseguent weeks.

To encounter the above mentioned remarks the linear-quadratic 
model (LQ) has been introduced [1,9,42], based on radiobiological 
data. The measured effect of radiation on cellular and molecular 
level will be a summation of these effects:

E=N (o * Dn + ß * Dn2 ) [1/6]

E=gross radiation effect, N=number of fractions, Dn=total dose.

The usefulness of LQ equation relies on the fact that par
ticular radiation effects are characterized by specific a/ß ra
tio's, expressing repair factors [9,36].

The a/ß is independent of the level of observed iso-effect. 
Experimental data show [6,9,44]:

1. For acute reactions in skin a/ß is approximately 10.
2. In tumors a/ß has high values, as high as those for acute 

reactions of normal tissues. Tumors respond more like early 
than like late reacting tissues.

3. Late tissue reactions show relatively low a/ß ratios (2-6 
Gy). Maciejewski et al. [20] found an a/ß of 3.8 for late 
complications in supraglottic laryngeal cancer.

One of the shortcomings of the LQ model was that for measuring 
isoeffect doses, comparing two schedules, overall treatment time 
should not be altered, since proliferation may play an important 
role with considerable differences in treatment time.

So, Fowler (written communication, September 1988) proposed a 
new formula for ERD in acute effects, in which treatment time and 
potential doubling time are incorporated (see methods and mate
rials) . Tumors with a short doubling time (fast proliferating) will 
show decreasing local control rates when the overall treatment tint® 
will be prolonged, like in split course technique [5,21,25,26].
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In the literature some clinical data are published about 
potential doubling time in laryngeal cancer. Budihna et al. [5] com
puted a doubling time of 3.5 ± 0.5 days in a rest interval in split 
course radiotherapy, in agreement with the results of Overgaard et 
al. [25,43] (Tpot=3-4 days). Fowler [10] calculated proliferation 
rates from clinical data in head and neck cancer [19,23,26]. The 
estimated potential doubling time ranged between 6-7 days.

In our study we computed, using the LQ model, three mean 
potential doubling times in T3 laryngeal cancer. A mean potential 
doubling time of 5 days showed in this study, retrospectively, best 
correlation between local control and time-dose-fractionation. In 
our study NSD showed no relationship with local control. Underskog 
et al. [40] and Kim et al. [17] published a significant rela
tionship in early glottic cancer between CRE (cumulative radiation 
effect) levels and local control. Absorbed total dose was not a 
prognostic factor. Schwazibold et al. [31], on the contrary, also 
on early glottic cancer, reported no correlation between NSD and 
local control. In our study the NSD concept underestimates the 
negative impact of treatment time on local control, like the data 
in the literature [19,43]. Iso-effect doses for multiple fractions 
3 day, calculated with the NSD concept, also were underestimated 
compared to ERD values and local control rates.

Although the LQ equation seems to be of great importance in 
the future for radiotherapy practice, there are still some problems 
which require some caution.

Withers et al. [43], analyzing the literature, found evidence 
°f accelerated clonogenic repopulation of tumor cells during radio
therapy after a lag period of approximately 3-4 weeks. In the LQ 
equation this influence of accelerated repopulation is not 
incorporated. Improvement of this equation may be possible in the 
future, based on more clinical data.

Choice of strategy:

What will be the best radiation treatment schedule for T3 
laryngeal cancer? Conventional fractionation? Hyperfractionation?

There are no randomized trials on T3 laryngeal cancer comparing 
conventional with hyperfractionation. Horiot et al. [13], in an 
Eortc randomized trial, demonstrated in oropharyngeal cancer a 
Slgnificantly better local control comparing 70 Gy in 35 fractions 
°f 2 Gy in 7 weeks with 80.5 Gy in 70 fractions, 2 daily fractions 
°f 1.15 Gy (38% vs 57%, respectively).
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Parsons et al. [27] in T3 laryngeal cancer used 2 fractions of
1.2 Gy daily, total dose 74.4 - 76.8 Gy, minimum interval 4 hr, 
resulting in a high local control of 67% with no increased com
plication rate. A selected group of patients in our study treated 
with MFD, 2 daily fractions of 1.25 Gy, mean total dose 68 Gy, 
without a split period, showed a comparable local control rate of 
67%. Data concerning accelerated fractionation in laryngeal cancer 
are available from Wang et al. [41]. The 3-year actuarial local 
control rate was 66% , using two fractions of 1.6 Gy daily, total 
dose 64 Gy with a 2-week split period due to severe acute reactions 
after 2 weeks.

There is some debate concerning the interval between the daily 
fractions. Karim et al. [16], experienced no increase in late 
complications in T3.4 laryngeal cancer with 2 fractions of 1.25 Gy 
daily, with an interval of 1.5 hr, and a total dose of 67.5 - 72 
Gy. With a short interval (<3-4 hrs), Morgan et al. [22] reported 
severe late damage with 3 fractions of 1.1 -1.5 Gy a day, total 
dose 60 Gy, in advanced laryngeal cancer. In general an interval 
between the fractions of 4 hr [22,27] rather 6 hrs [13,30] is 
recommended, to gain complete repair of sublethal damage for normal 
tissues.

In our study, assuming a mean T^,. of 5 days for T3 laryngeal 
cancer, a significant cut-off level for local control was seen for 
an ERD of 58 Gy. If we consider the S-shaped dose effect curve 
(Figure VI.5) , a margin of 3 Gy is requested, aiming at an ERD of 
>61 Gy. If we accept 61 Gy ERD as the optimum dose, translation to 
conventional and hyperfractionation is as follows:

Conventional fractionation:

For an ERD of 61 Gy, using a conventional fractionation 
schedule, 2 Gy dose per fraction, 5 times weekly, a minimum dose 
of 70 Gy is mandatory. For two reasons, however, other fractiona
tion schedules must be considered. First, the complication rate 
after 70 Gy or more with salvage surgery is considerable (41% 
severe complications in our study, compared with 13% in patients 
treated with less than 70 Gy (p=0.02)). Second, a long overall 
treatment time of 7 weeks is disadvantageous for those tumors with 
a short potential doubling time of clonogenic cells. Especially in 
tumors with a T^,. of 5 or less, shortening of overall treatment 
time will be of great importance, as can be concluded from Figure
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VI.6, in which the dose is given which is necessary to compensate 
for tumor repopulation as a result of one day split. By shortening 
overall time with 21 days, 4.2 doublings are avoided [10,35].

AGT/OflY 
1.0 -

0.8
0.7

0.6
0.5

0.4

0.3

0.2
0.1

-I----------- 1----------- 1----------- 1----------- 1----------- 1----------- 1----------- 1------------ '

23456789 10 Tpot

Fig. VI.6: Dose to compensate for each day treatment delay 
(Gy/day), related to potential doubling time [T ], based on a 
conventional schedule of 70 Gy/ 7 weeks.

Hyperfractionation:

If we consider the late complications, hyperfractionation may 
be preferable. Assuming an a/ß ratio of 10 for early and 3 for 
late responding tissues, dose per fraction of 1.25 Gy, 10 fractions 
Weekly, considering the optimal ERD of 61 Gy, the following 
fractionation schedule is calculated: 56 fractions of 1.25 Gy/ two 
fractions daily, total dose 70 Gy, treatment time 6 weeks.

1° shorten the overall treatment time by considerable period, 
however, accelerated fractionation, with a higher dose per frac- 
fion, is more appropriate [35,38]. Using two fractions of, for 
fhstance, 1.6 Gy daily, aiming at the optimal ERD of 61 Gy, 39 
fractions will be necessary, total treatment time is 4 weeks, total 
bose 64 Gy. This schedule may lead to a split period caused by 
severe acute reactions. To avoid this interruption a schedule with 
a concomitant boost at the end of treatment may be considered as a 
second daily fraction, during the "conventional" treatment course.
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with an interval of 6 hr. In comparison with accelerated fractio
nation, treatment time will increase; however, a substantial 
shortening of treatment time in comparison with conventional frac
tionation will be reached [28].

So, in the future, the best treatment approach for individual 
patients may be determined by kinetic data. Using lUdR intrave
nously, the potential doubling time of clonogenic cells should be 
assessed before treatment [2].

CONCLUSIONS

In this retrospective study on T3 laryngeal cancer, the LQ 
model, with a variant of Fowler, showed a more appropriate dose 
response relationship compared with the NSD concept. Based on a 
calculated optimal dose, an ERD of 61 Gy, assuming a mean potential 
doubling time of 5 days, several therapeutical options are discus
sed. Depending on the potential doubling time of clonogenic cells, 
a more individualized fractionation schedule may be chosen. Multi
centric prospective studies will be necessary to collect clinical 
and radiobiological data to confirm or reject the principles of the 
LQ concept.
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CHAPTER VII

TREATMENT STRATEGY 

AND

FUTURE PROSPECTS
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VII. 1 INTRODUCTION

In this chapter a treatment protocol tailored to T-stage will 
be proposed, and future prospects of therapy will be discussed. The 
importance of T-stage is outlined in chapter II, III, IV and VI.

After radiotherapy the initial control rate was 90%, 76%, 67% 
and 31%, and corrected 5-year survival was 97%, 85%, 73% and 31% 
for T1, T2, Tj and T4 tumours respectively. A strong correlation 
between survival and T-stage was shown by uni- and multivariate 
analysis by Pera [77] and Eiband [25]. Stell [90] reported 765 
patients treated for laryngeal cancer and calculated a significant 
correlation between T-stage and survival, using univariate ana
lysis. In the multivariate analysis, however, only N-stage was a 
prognostic factor for survival.

The use of site of origin for classification is controversial. 
Site was a prognostic factor for disease free survival, reported 
by Overgaard [72] and Pera [77], in favour of glottic tumours. 
Eiband [25], on the otherhand, showed a poorer prognosis for glot
tic tumours. Site was also a significant prognostic factor in 
univariate analysis (glottic fared better), as reported by Stell 
[90], however, as previously stated, N-stage was the only indepen
dent parameter for survival. So, the higher incidence of nodal 
disease in supraglottic tumours causes impaired survival rates 
[65]. Distinction between glottic and supraglottic tumours was 
mainly of importance for T, tumours (chapter II, UICC 1978) in our 
study. In T3 tumours, those clearly limited to the vocal cords 
showed a significantly better survival compared to other T3 tumours 
(chapter V). For T2_4 tumours determination of the origin (glottic 
or supraglottic area) may not always be possible. For T2 tumours mo
bility of vocal cords was a prognostic factor for survival (chapter 
III), conversely site was not. So a plea was made to subdivide T2 
glottic and supraglottic tumours into T2a and T2b, for respectively 
normal and impaired mobility of the vocal cords.

Controversies on the significance of T-stage and site of 
origin, as seen in the literature, may depend on different 
diagnostic means used for the classification of laryngeal cancer, 
as stated in chapter 1.3.
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VII. 7.2 SURVIVAL AND QUALITY OF LIFE

Survival:

To compare results of different treatment strategies, correct
ed survival and overall survival may be analysed. To justify total 
laryngectomy a corrected survival benefit of at least 15 percent 
must be reguired. We have to bear in mind that after 10 years one 
out of three patients, cured of their laryngeal cancer, will die 
of a second primary tumour (chapter V) . So this excessive risk will 
influence the possible advantage of total laryngectomy in advanced 
laryngeal cancer, and dominate, together with intercurrent death, 
overall survival.

Contraindications for surgery are marked cardiopulmonary dys
function and severe alcoholism, in other words a good general 
health is a prerequisite.

For patients receiving radiotherapy, we have to consider 
salvage therapy as an important part of the treatment protocol. 
When residual or recurrent disease is diagnosed in an early stage, 
salvage surgery may be performed more successfully and, therefore, 
increase survival rates.

The clinical assessment of the irradiated larynx may be dif
ficult. Development of oedema and cord fixation after initial im
provement may indicate recurrent disease, despite negative 
biopsies [29]. Bahadur [5] performed salvage surgery in patients 
showing persistence of significant laryngeal oedema or fixation 
three months after radiotherapy. Although no positive biopsy was 
obtained, he regarded this as highly clinically suspect for recur
rence. In 50 out of 52 cases presence of residual disease was seen, 
hidden deep under an intact mucosa. Laryngeal oedema diminishing 
after radiotherapy, either disappearing after a course of anti
biotics, or mild stable oedema especially when it is limited to 
the arytenoids [34], however, does not indicate recurrent disease. 
No biopsy in these cases is recommended, in view of the risk of 
inducing laryngeal necrosis.
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Quality of life:

Patients with uncomplicated local control will enjoy a good 
quality of life. Total laryngectomy however, even with uncomplica
ted control, results in loss of normal speech. Webster [103] report
ed in a survey, regarding alaryngeal speech in 1003 laryngectomies, 
that 38% used a surgical prosthetic speech, 22% artificial device 
speech, 21% oesophageal speech and 17% oesophageal and artificial 
device speech. The low pitch and volume of oesophageal speech may 
create problems for the listener [83], partly due to the fact that 
most relatives and friends of the laryngectomees are of older age, 
in which presbyacusis is more predominant.

Respiratory problems were seen in almost all patients after 
total laryngectomy, shown in a report of Ackerstaff [1]. Excessive 
sputum production, coughing, forced expiration to clear the air way 
and frequent cleaning of the stoma will impair the quality of life 
and may induce psycho-social problems.

Despite a presumed 20% lower survival in T3 laryngeal cancer 
with radiotherapy compared to surgery, one in five healthy volun
teers would still choose radiotherapy in order to maintain their 
voices [61]. Harwood [38] analysed quality of life comparing suc
cessfully irradiated patients with patients treated by surgery. 
Irradiated patients had a better social life, e.g. resumption of 
work (44% after surgery, after radiotherapy 93% for T,^ and 79% for 
T3.4). Irradiated patients had a better ability to use the phone 
(98% for T^, 87% for T3_4, compared to 11% after surgery) . Ratings 
for volume, quality, rate and flow of speech, ability to communi
cate were better after radiotherapy than after surgery.

After radiotherapy the voices of a majority of successfully 
treated patients showed significant improvement (76-94%) [46,64,
91]. Irradiated voices however, may differ from "normal" (non- 
irradiated) voices. Fatigue of voice after extensive use, reduced 
loudness, inability to shout or sing, was seen in 80% in a study 
by Stroicheff [91]. Abnormalities in the larynx after radiotherapy 
may cause suboptimal voice quality, e.g. thickening of the affected 
cords, hyperkeratosis, hypertrophy of the false vocal cords, 
punched out defects after deep biopsies, weakness of the thyroary
tenoid muscles and a fibrous web in the anterior commissure [64]. 
Van Wijngaarden and Hordijk [109] evaluated the effect of irradia
tion on voice quality and vibration of vocal cords. In two out of 
three patients the vibration of the vocal cords was disturbed, at
tributed to fibrosis. Logopedie treatment to influence this fibre-
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sis has to be investigated.

Influence of persistent smoking habits on quality of the voice is 
controversial. Karim [46] reported a negative influence, however 
Stroicheff [91] and Mendonca [64] demonstrated no correlation.

VII. 3 TREATMENT PROTOCOL, TAILORED TO T-STAGE

glottic cancer:

Local control with radiation alone was 91% (chapter II) and 
corrected 5-year survival was 97%. Recently Rothfield [82] publish
ed results of hemilaryngectomy for T1 glottic cancer, showing a 
corrected absolute survival of 94% and voice preservation in 96%. 
He preferred hemilaryngectomy since it offers in his opinion better 
cure rates, accurate staging and eliminates risk of radiation in
duced carcinoma. In our patient group limited tumours, suitable 
for conservative laryngeal procedures, showed an initial local 
control rate of 95%, comparable with the results of Rothfield. In 
a letter to the editor Mendenhall [63] criticized the report of 
Rothfield: cure rates for these selected patients are equal for 
both types of treatment, "increased risk of radiation induced 
sarcoma in the age group under consideration is less than the risk 
of operation and peri-operative mortality", and, finally, radio
therapy offers better voice quality than does hemilaryngectomy. 
Moreover, the costs of hemilaryngectomy are more than twice the 
costs of radiotherapy [66].

In conclusion, for T, glottic cancer, radiotherapy is the pre
ferred treatment. The following fractionation schedule is proposed 
(5 fractions of 2 Gy per week):

Tu midcordal lesion.
} 60 Gy

or no visable tumour after biopsy 

T, entire vocal cord lesion: 70 Gy

Other lesions: 66 Gy

Results may improve when patients stop smoking.
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T1 supraglottic cancer:

Local control with radiation alone was 87% (chapter II) , 
equally for T1a and T1b. Five year corrected survival, however, 
dropped from 92% for T1a to 74% for Tlb, due to differences in 
regional control, nodal metastasis is therefore the main threat for 
patients with supraglottic cancer [50,51,99,100].

Supraglottic laryngectomy and homolateral neck dissection as 
the primary treatment has the advantage of the opportunity of 
pathological staging [39]. Since Lutz [51] showed a 17% recurrence 
rate in the undissected contralateral neck for patients with supra
glottic cancer, this side has to be treated electively as well. 
Although Lutz recommended bilateral neck dissection, complications 
often arise with this extensive surgery. Radiotherapy may treat the 
primary tumour and both sides of the neck concurrently. Patients 
with a single positive neck node or a neck node smaller than 3 cm, 
may be cured in 90% with primary radiotherapy [8].

So, primary radiotherapy of T, Nq., supraglottic cancer is pre
ferred, with a dose of 70 Gy in 7 weeks, 2 Gy daily, for the pri
mary tumour and positive neck node, and elective irradiation of 
both sides of the neck with a dose of 50 Gy in 5 weeks.

For N2_3 neck nodes primary radiotherapy for supraglottic 
cancer is preferred, followed by a neck dissection. To improve 
locoregional control and survival innovative radiation schedules 
for N2_3 may be considered (see VI 1.4).

r2;
Local control rate for T2a was 78% (chapter III) and 71% for 

T2b, 5-year corrected survival dropped from 92% for T2a to 63% for 
T2b, due to an impaired salvage rate.

Hyperfractionation in T2a glottic tumours did not improve local 
control rates [102,106].

As with T1 glottic tumours primary radiotherapy is recommended 
for T2a tumours, with a dose of 70 Gy/ 2 Gy fractions/ 5 times week
ly.
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In chapter III objectives to improve survival rates in T2b 
cancer are given. The suggestion to incorporate laryngectomy 
earlier in the treatment programme has been criticized by Ang and 
Peters [4] in an editorial comment. When surgery is mandatory after 
insufficient regression after 50 Gy, partial laryngectomy is seldom 
possible, so voice loss is inevitable. Ultimate locoregional con
trol rates are in general in the order of 85-90% [4,45,62], partly 
due to adequate treatment of recurrence. The low salvage rate in 
our study (1/6) may be caused by late recognition of local recur
rence or no adequate surgery [4].

For laryngeal cancer an innovative radiotherapy regimen is 
preferred (VII.4). Follow-up of these patients must be meticulous.

Results for T3 laryngeal cancer are obtained from the NWHHT 
study (chapter V and VI) and from the selective radiotherapy group 
of the University Hospital Utrecht (chapter IV). The unforeseen 
mean split period in the 50 Gy selective radiotherapy group was 14 
days. Split course was planned in the 30/40 Gy group, mean split 
period was 28 days. In Table VII. 1 local control and 5-year correct
ed survival rates are summarized.

TABLE VII.l: Local control and survival rates for Tz laryngeal 
cancer:

local control 5-yr corr. surv.

good response after 50 Gy 69% 73%
primary radiotherapy 53% 70%
good response after 40 Gy 44% 54%
primary surgery 85% 72%
planned combined therapy 96% 88%

Since survival rates of primary surgery and primary radio
therapy are equal, radiotherapy is preferable given the anticipa

123



ted quality of life. The retrospectively gained more than 15% im
provement in 5-year corrected survival with planned combined 
therapy implies that this treatment may be tested prospectively 
against primary radiotherapy. The role of a selective course of 
radiotherapy remains controversial. Spaulding [87] showed that, in 
T3 laryngeal cancer, cord mobility status after 50 Gy was predic
tive of local recurrence (33.3 % for mobile cords, 80% for fixed 
cords after 50 Gy (p=0.04)) . Bataini [9] stated that tumour regres
sion after 50-55 Gy should be used to select between radiotherapy 
and surgery. Complete response of tumour was a reliable indicator 
for local control, however, it was determined at the end of treat
ment, when total dose was given. Nordman [69] correlated recurrence 
free survival with tumour regression at the midpoint and at the end 
of treatment. For T2_4 head and neck tumours only endpoint complete 
response was related to local control at 2 years. Evaluation of 
tumour response after 50 Gy should not cause any treatment delay, 
since split course therapy is known to be detrimential.

If we consider dose response for T3 laryngeal cancer (chapter 
VI), optimisation of radiotherapy may improve results of primary 
radiotherapy, aiming at a local control rate of 70%. So an equal 
state of local control may be attained with both primary radiother
apy and with a selective course of radiotherapy, but more patients 
will preserve their voice in the former treatment. In a few years 
more data from the 50 Gy selective course group will be available 
to estimate more definitively its potential. For patients treated 
with primary radiotherapy, response after 50 Gy also may be stated, 
without altering the treatment schedule, to analyse its significan
ce for local control and survival.

The validity of the combined therapy in terms of quantity of 
life has to be tested against the obvious advantage of quality of 
life gained by radiotherapy. So, a prospective randomized trial of 
planned combined therapy and primary radiotherapy may be preferred. 
If this trial should not prove feasible, primary radiotherapy is 
preferred, using alternative schedules (see VII.4).

For patients who require emergency procedures for obstructive 
symptoms (bulky tumours), ultimate locoregional control was sig
nificantly lower with primary radiotherapy despite salvage surge
ry, 36% vs 87% respectively (chapter VI) , as in published data 
[65,100], In those cases, total laryngectomy with postoperative 
radiotherapy is preferred.
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Local control after radiation alone was 39%, and 54% including 
salvage therapy; the 5-year corrected survival was only 31% (chap
ter IV). Patients in this study were clinically staged. When radio
logical criteria are incorporated upstaging will occur, with obvi
ously improved treatment results in T4 laryngeal cancer with radia
tion alone [47].

For small T4 lesions radiotherapy may by preferred. In general, 
however, total laryngectomy will be recommended with primary 
radiotherapy as an alternative, using innovative radiation sched
ules (see VII.4).

In Table VII.2 treatment protocol tailored to stage is summarized.

TABLE VII.2: Treatment protocol tailored to stage (UICC 1987):

Stage Selection Treatment

T1 glottic T1a midcordal OR

no visible tumour 
after biopsy
T1 entire v. cord
T, others

} 30 x 2 Gy/6 weeks

35x2 Gy/ 7 weeks
33x2 Gy/ 6 weeks

T1 supraglottic 35x2 Gy/ 7 weeks

T2 mobile cords 
impaired mobility

35x2 Gy/ 7 weeks
35x2 Gy/ 7 weeks OR 
alt. sched.

T3 obstr. symptoms surg. + PORT

no obstr. symptoms select, after 50 Gy
OR

alt. sched.
OR

TRIAL surgery + PORT

T, surgery + PORT
OR

alt. schedule

N1 primary radiotherapy
N2-3 neck dissection + PORT
PORT=post operative radiotherapy, obstr=obstructive, alt. sched.=
alternative schedules, select.=selective course of radiotherapy
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VII.4: FUTURE PROSPECTS

To enhance the therapeutic ratio local control rates must im
prove and complication rate must decrease. As shown in VII.3 for 
T2b, T3, and T4 and N2_3 there is a need for enhancement of the 
therapeutic ratio. Several prospects to improve this ratio will be 
discussed.

VII.4.1: The use of chemotherapy:

To improve locoregional control and to decrease distant meta- 
stases chemotherapy has been used increasingly since the late 
seventies for head and neck cancer. Pilot studies, conducted by the 
RTOG [33,35] showed an unacceptable toxicity when chemotherapy was 
given simultaneously with radiotherapy. A phase II RTOG trial, 
using Cisplatin with radiotherapy simultaneously [3] resulted in 
a complete response rate of 7 0%, although only 60 % of the patients 
completed both chemotherapy and radiotherapy. A combination of 
Cisplatin with multiple fractions daily resulted in a response rate 
of 81%, however severe toxicity developed in 44% [18]. Mitomycine 
as an adjuvant to radiotherapy, showed in a randomized clinical 
trial a significant improved disease free survival compared to 
radiotherapy alone [104]. Overall survival, however, was not sig
nificantly prolonged, due to an increased death rate from pulmonary 
disease in the Mitomycine group. Any significant survival benefit 
has not been shown for randomized trials using chemo- and radio
therapy simultaneously.

Chemotherapy administered before radiotherapy or surgery, in 
other words induction or seguential chemotherapy, has been widely 
tested for patients with advanced head and neck cancer in pilot 
studies and randomized prospective trials. Initial response to 
chemotherapy varied around 70% with reported complete response 
rates ranging from 22 to 35% [41]. Response to chemotherapy has 
been proven to predict for response to subsequent radiotherapy 
[41,75]. So for patients showing response after chemotherapy ra
dical surgery as the definitive therapy may be omitted and radio
therapy may be preferred [22,26,41]. In non-randomized studie5 
tumour regression after induction chemotherapy was associated with 
increased survival [14,88]. In randomized studies however, no im
provement of long-term control and survival is seen [37,59], °r 
even significantly impaired survival rates are reported [97]-
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Problems associated with induction chemotherapy are short re
sponses, resistance to chemotherapy, toxicity, prolongation of 
therapy (in radiotherapy 30% split necessary) and patient with
drawal from planned radiotherapy or surgery after complete respon
se. Downstaging by chemotherapy does not facilitate to reduction 
in the extent of the surgical resection.

So, at present, induction chemotherapy has no established con
tribution to the curative treatment of advanced laryngeal cancer. 
More effective chemotherapy will be needed, tested in clinical 
trials.

VII.4.2: The use of chemical sensitizers:

Based on improvement in radiation response in animal tumours 
the role of Misonidazole, as a sensitizer for hypoxic cells, has 
been investigated since 1974. Significant benefit from the com
bination of radiotherapy with Misonidazole has been shown only in 
5 out of 32 studies [23]. In a randomized trial among stage III-IV 
squamous cell carcinoma of the head and neck Fazekas, [27] revealed 
no advantage from Misonidazole. For treatment of invasive carcinoma 
of the larynx and pharynx, Misonidazole had no significant influ
ence on overall survival [74]. However, significant peripheral 
neuropathy was induced in 26%.

Currently there is no place for Misonidazole. More potent and 
better tolerated sensitizing agents are needed.

Vll.4.3: The use of radiobiological parameters.

VII.4.3.1: Enhancement of radiosensitivity of tumour cells and 
radioresistance of normal tissues.

Tumours most likely develop from a single transformed cell. 
Mutations however will result in heterogeneity of tumour clones 
[111]. This heterogeneity of tumour clones explains the resistance 
to individual chemotherapy agents after an initial response. Muta
tions could also alter the response to radiotherapy. Radiotherapy 
induces sublethal damage in cells of both tumours and normal tis
sues. Differences in radiosensitivity are partially related to
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differences in repair capacity of this sublethal damage. Repair 
deficiency will increase the radiosensitivity. A less efficient 
repair may be caused by a number of mechanisms, e.g. reduction of 
the available pool of repair enzymes resulting from radiation dam
age, inhibition of repair enzymes, or reduced time available for 
repair [81]. If mutant cell clones have an increased capacity to 
repair sublethal damage, radioresistance will occur. This will be 
reflected in a broadening of the shoulder of the survival curve 
[28,111]. Amplification of genes, that code enzymes involved in the 
DNA repair process, will increase repair capacity [36]. Mutations 
may cause this specific gene amplification, and, therefore, induce 
radioresistance [111]. Development of repair inhibitors acting 
specifically on tumours, may be a therapeutical option in the 
future.

Apart from the difference in intrinsic radiosensitivity the 
variation in numbers of resistant cells could account for the wide 
variation in local control, especially for larger tumours [111].

A specific enhancement in radioresistance is desirable for 
normal tissues. Increased levels of intrinsic sensitivity of nor
mal cells and tumours to irradiation have been shown for individ
uals with certain genetic disorders in the homo- and heterozygous 
state (Ataxia Teleangiectasia (AT), Chorea of Huntington, Fanconi 
anemia, Gardner syndrome) [79,92]. One has to consider that 8% of 
patients with breast cancer are heterozygous for AT [92]. A normal 
radiation tumour dose will cause severe acute reactions in these 
patients. Differences in radiosensitivity of normal cells in indi
vidual patients may be used to enhance uncomplicated local control- 
Agren [2] suggested that two patient groups would benefit if treat
ment strategy is based on differences in radiosensitivity. Firstly 
for patients with a high probability of local control in associa
tion with a high rate of late radiation complications. Tumour dose 
may be decreased when radiosensitivity of normal tissues is known. 
Secondly for patients with a high probability of a local failure 
and with a low rate of radiation side effects. In this group local 
control rates could be improved by increasing total dose.

So, an assay predictive of radiosensitivity of normal tissues and 
tumours is required. The surviving fraction of human cell lines 
after 2 Gy (SF2) was reported to be correlated with clinical re
sponse [28]. However, SF2 values obtained in vitro may not reflect 
radiosensitivity in vivo [55]. There is a wide variation in SF2 
values depending on the assay procedures used [92]. Intra-turnout
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heterogeneity in radiosensitivity may reduce the predictive value 
of SF2 as well, since SF2 values are often determined from one 
single biopsy [79]. So, with the present technigues, precise 
determination of radiosensitivity of normal cells and tumours is 
not feasible. In stead, Peters [79] suggested using the radioresis
tance of normal tissues, measured by clinical judgement of acute 
reactions during radiotherapy. The rate of dose delivery (weekly 
dose administered) may be adjusted, based on this observed acute 
toxicity.

VII.4.3.2: Optimisation of dose-time factors:

In chapter VI, the choice of strategy of dose-time factors is 
discussed. Some aspects will be outlined in more detail.

In order to obtain equal local control rates, an increase in 
total dose by about 3 Gy for each increase in T stage is required 
to eradicate the increased number of clonogenic cells [54]. Also 
for each day of interruption of treatment an increase of total dose 
of 0.6 Gy is mandatory, as was shown by Maciejewski [54] for cancer 
of the oral cavity and oropharynx. Accelerated proliferation (repo
pulation) of clonogenic cells during irradiation may account for 
this increase in total dose, required to gain an equal local con
trol [93,98,108]. It is likely that improved physiological condi
tions (reoxygenation) and reduced tissue pressure by reduced tumour 
volume account for this accelerated proliferation.

Repopulation of normal tissues on the other hand, is important 
in determing a reduction of the probability of acute effects. The 
severity of mucosal reactions is determined primarily by total 
dose, regardless of time-dose factors [86,95]. Confluent mucositis 
will appear around 9 days after 20 Gy total dose [86,95]. Mucosal 
reactions will be seen earlier when total dose is given in a shorter 
treatment time, e.g. 3 times 1.6 Gy in 12 days, total dose 54 Gy 
[84]. This schedule however, resulted in a slightly shorter period 
of confluent mucositis compared to a conventional schedule or a MFD 
scheme using 2 Gy per fraction [86]. Human oral mucosa is capable 
of regeneration at around 1.8 Gy per day at the end of treatment 
[95] , and may hence lead to stabilization or reduction in the 
severity of acute reactions. So a reduction in acute symptoms re
quires protracted radiotherapy. Some experimental animal data show 
that accelerated repopulation in normal tissues (mucosa, skin) is 
induced when cellularity is reduced to 60-70%. This reduction of 
cell number could be associated with a release of a substance,
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thereby inducing repopulation. Although still speculative, speci
fic antibodies against these substances may block repopulation, 
selectively, in tumours [98],

The question remains of how clonogenic repopulation of indi
vidual tumours can adequately be analysed. The flow cytometric 
analysis of tumour biopsies may be used to obtain cell and prolife
ration kinetic data. The proportion of cells in the DNA-synthesis 
phase of cell cycle (S-phase) can be calculated from the flow 
cytometrically obtained DNA histograms. More accurately, it can be 
assessed by specific labelling of S-phase cells. The resulting 
labelling index (LI) was found to be a prognostic factor in head 
and neck cancer [16]. For an appropriate estimation of prolifera
tion rate, however, DNA-synthesis time must be also evaluated. lUdR 
or BUdR (iodo- or bromo-deoxyuridine) are used for this purpose. 
A single dose of (either lUdR or) BUdR is administered intravenous
ly, approximately six hours before biopsy of the tumour. BUdR is 
incorporated in DNA of cells that actively synthesize DNA. After 
the biopsy, the incorporated BUdR is in directly stained by using 
monoclonal antibodies. DNA and BUdR contents are measured simulta
neously by flow cytometry. The rate of progression of labelled 
cells towards mitosis can be estimated and DNA-synthesis time (Ts) 
can be calculated. By dividing LI by Ts, potential doubling time 

is calculated. This method seems to be sufficiently accurate 
for predicitive assay of tumour proliferation rates [10]. T^ of 
human tumours gave a significantly better predictive value for 
repopulation-rate than LI [60]. Values of T^,. have been assessed 
by Begg [11] and Hassan [40] in head and neck cancer. When acceler
ated radiotherapy was tested against conventional fractionation, 
the preliminary results were in favour of accelerated fraction
ation in tumours with a T^ of less than 4.5 days. For tumours with 
a T^ of more than 4.5 days, results of conventional and acceler
ated radiotherapy were equal. This is in accordance with the pre
sumption that for fast proliferating tumours (short T^) a reduction 
of overall treatment time should be recommended.

Based on criteria that early side effects must be tolerable 
and late complications should not increase, the possible benefit 
of alternative fractionation schedules will be analysed. A total 
dose of more than 70 Gy in 7 weeks with 5 fractions of 2 Gy per week 
is associated with a substantially increased risk of late compli
cations (chapter II, VI). So, the following analysis is based on 
the assumption that the expected rate of late complications should
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not exceed the iso-effect dose of 35 fractions of 2 Gy in 7 weeks.

To compute iso-effect dose for late complications (extra
polated tolerance dose, ETD), the linear-quadratic (LQ) model is 
used, as proposed by Barendsen [6]. For late reacting tissues, 
repopulation is assumed to be insignificant during overall treat
ment time [6,20,96]:

ETD= d x n x (1 + d/ (a/ß)).

d=fraction size, n=number of fractions, a/ß expresses repair 
factors.

For late reacting tissues in laryngeal cancer a/ß may range 
between 3.5 and 4.5 Gy [53,96]. An a/ß of 4 is therefore chosen.

Since it is stipulated that the expected risk of late com
plications may not exceed the known risk of a treatment schedule 
of 35 times 2 Gy, ETD may not exceed 35 x 2 (1 + 2 / 4) = 105 Gy.

For tumours and early reacting tissues, the iso-effect dose 
(extrapolated response dose, ERD) can also be calculated with the 
LQ model. Since overall treatment time and radiosensitivity were 
found to be important factors, both for tumour control and acute 
complications, a modification of the original LQ model was intro
duced [20,30,105]:

ERD = d x n (1 + d/ (a/ß)) - K x T. (chapter VI)

K = 0.693/ (a x T^) , T = overall treatment time (day 1=0).

In this equation, neither delay time for repopulation nor 
alteration in repopulation-rate after the start of radiotherapy 
are assumed.

For acute responding tissues a/ß values are around 10, in 
tumours even higher values were calculated (see also chapter VI). 
In this analysis an a/ß of 10 will be used for both.

For a schedule of 35 x 2 Gy in 7 weeks the measured ERD is:

ERD = 35 x 2 x (1 + 2/10) - K x 46 = 84 - K X 46 Gy.
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In the K-factor two important variables are joined; intrinsic 
radiosensitivity (a) , and the production rate of clonogenic cells 
(Tpot) . Reported values in the literature of a range from a mean 
of 0.52 (0.056-1.18) per Gy [88] to a mean of 0.25 (0.12-0.44) per 
Gy [55]. Lower K values will result in higher ERD values, thus 
increasing the chance of cure. For radiosensitive tumours a is 
high, the K value is low and influence of overall treatment time 
is of less importance, as shown in Figure VII. 1. For more resistant 
tumours (low a values) , especially those with a short doubling 
time and therefore high K values, overall treatment time should be 
kept short.

alpha in 1/Gy

K-0.3
K-0.S

Tpot in days

Fig. VII.1: Correlation between a and for different K values.

Analysis:

All the following analyses will be discussed against the back
ground of an ETD of 105 Gy and an ERD of 84 - 46 x K Gy, based on 
a conventional fractionation schedule of 35 times 2 Gy in 7 weeks.

I) Hyperfractionation:

Hyperfractionation means treatment with smaller doses per fraction, 
with no change of overall treatment time, using multiple (2-3) frac
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tions daily. Although acute toxicity may increase, late complica
tions (fraction size dependent) will be equal.

When we consider a schedule of 2 fractions per day during 7 
weeks, with a comparable late complication rate as with standard 
fractionation, the size of the fraction has to be:

ETD = 105 Gy = 70 x d x (1 + d/4)

d = around 1.15 Gy , total dose = 70 x 1.15 Gy = 80.5 Gy.

ERD = 70 x 1.15 x (1 + 1.15/10) - K x 46 = (89.8 - 46 x K) Gy.

The net profit of this schedule is an ERD of 5.8 Gy, inde
pendent of a or Tpot. The relative advantage is (89.8 - (46 x K)) / 
(84 - (46 x K)), so at least 7%, and even more for tumours with a 
high K value, e.g. for an a of 0.3 and a Tpot of 4 days the relative 
advantage in ERD is 10%. Since the dose response curve may be 
steep (chapter VI), advantage in local control may be even more 
predominant.

In a randomized EORTC trial a significant increase (p=0.01) in 
5-year locoregional disease free survival was shown for hyperfrac
tionation (70 fractions of 1.15 Gy, 7 weeks) compared to conven
tional fractionation (35 fractions of 2 Gy in 7 weeks) in oro
pharyngeal cancer, namely from 38% to 56%. Acute reactions however, 
were not reported [44]. As expected, late normal tissue damage was 
the same. Similar encouraging results were shown by Pinto [80] in 
a prospective randomized trial for oropharyngeal tumours. Acute 
toxicity was manifested earlier in the hyperfractionation regimen 
but appeared not to be more severe. Acute reactions were reported 
to be more severe in a non-randomized study by Parsons [76] and 
Wendt [106]. With two fractions per day of 1.2 Gy (mean total dose 
76.8 Gy), they achieved improved local control rates in T2_3 supra- 
glottic and T3 glottic cancer.

II) Accelerated fractionation

With accelerated fractionation overall treatment time is con
siderably reduced. Fowler [32] analysed the time factor in squamous 
cell carcinoma of the tonsillar region. Results were suggestive of 
an improvement of local control in advanced tumours by 20% to 25% 
(n=465). Shortening of overall treatment time will be accompanied 
by an increased acute toxicity and may compel a reduction in total
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dose or the introduction of a split period. Especially patients 
with tumours with a short Tpot will benefit from a 2-week shorten
ing of overall treatment time, as will be demonstrated by the 
following analysis:

a) Shortening of overall treatment with 2 weeks, one fraction 
daily:

ETD = 105 Gy = 25 x d (1 + d/4) Gy.

d = 2.55 Gy, total dose = 25 x 2.55 Gy = 63.75 Gy.

ERD = 25 X 2.55 (1 + 2.55/10) - K X 32 = (80 - K x 32) Gy.

The value of K for which both treatment schedules have iso
effective tumour response can de calculated:

ERD = 84 -K x 46 — 80 - K x 32, K = 0.29.

For a T^,. of 7 days and moderate radiosensitive tumours 
(assumed a around 0.3), both schedules are iso-effective. So, for 
tumours with a T t of 7 days or more, this schedule will cause more 
severe acute reactions, without a gain in local control. A relative 
advantage in ERD of 10% for this schedule will be reached for a 
K of

1.10 = (80 - K x 32) / (84 - K x 46), K=0.67 Gy per day.

0.67, in other words for a of 3.5 days, if an a of 0.3 is
assumed. However, acute reactions will be more severe and total 
dose has to be reduced from 70 Gy to 63.8 Gy because of risk of 
late complications, associated with this large fraction size. 
Multiple small daily fractions are preferable.

b) Shortening of overall treatment time from 7 to 5 weeks, using 
twice daily fractions:

ETD = 105 Gy = 50 x d (1 + a/4)

d = 1.50 Gy, total dose = 50 x 1.50=75 Gy.

ERD = 50 x 1.50 x (1+1.50/4) - 32 x K = (86.3 - 32 x K) Gy.
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This schedule is advantageous for all a and T^,. values, since 
the ERD for the conventional schedule is 84 - 46 x K. Tumours with 
a low a and a short T^,., in other words the less radiosensitive and 
more rapidly proliferating tumours, will profit most from this 
schedule. A relative gain in ERD of 10% will be seen for a K value 
of 0.33 or less, e.g. for a Tpot of 7 days or less (assuming an a of 
0.3). Data from literature however, show that when 2 daily frac
tions of about 1.5 Gy are given, acute reactions will be severe 
after 2 weeks, requiring split course therapy [57,85,101]. To avoid 
this split period, treatment schedules have been used to deliver 
the total dose in 2 weeks (3 times 1.5-2 Gy per day) [12,71,84]. 
Severe radiation reactions, requiring hospitalization for some pa
tients, will be seen at the end of the 2 week schedule, when the 
total dose has already been delivered.

c) Accelerated radiotherapy using the concomitant boost technique:

The most efficient fractionation schedule was calculated by 
Marks [58] by simulating changes in tumour size, number of clono- 
genic cells and growth fraction during the course of radiotherapy. 
During the first part of a course of radiotherapy, tumour volume 
and hypoxia are important factors and an initial daily dose of 
approximately 2 Gy is efficient to sterilize tumour cells, since 
the growth fraction (net cell production) is low. A few weeks after 
the start of radiotherapy the growth fraction may increase and so 
proliferation may be accelerated. In head and neck tumours this 
proliferation may compensate for a dose of 0.34 Gy to 1.0 Gy per 
day. Accelerated hyperfractionation must therefore be given at the 
end of treatment, e.g. as a concomitant boost to the tumour in 
order to counteract this accelerated proliferation of tumour 
cells.

In radiotherapy for laryngeal cancer, acute toxicity will 
mainly consist of mucosal reactions. Accelerated proliferation of 
the normal mucosa, causing increase of radioresistance, also 
starts a few weeks after initiation of radiotherapy. At the end of 
treatment human oral mucosa regeneration may compensate for a dose 
of 1.8 Gy per day [86,95]. Not surprisingly acute mucosal reactions 
were more severe when the concomitant boost was given in the first 
part [85], as opposed to the second part of radiotherapy [13,19, 
85]. Since repair of sublethal damage of acute responding normal 
tissues will dominate accelerated proliferation of tumour cells, 
the concomitant boost technique will be most efficient when the 
scheme of 2 fractions per day will commence 3 to 4 weeks after the

135



Start of radiotherapy.

Analysis:

Shortening of overall treatment time from 7 to 5 weeks, using 
a single daily fraction of 2 Gy for the entire radiation field and 
a boost to the clinically demonstrable disease, given as a second 
daily fraction in week 4 and 5:

Assuming complete repair after the first fraction, the fraction 
size of the boost field will be:

ETD = 105 = 25 x 2 x (1 + 2/4) + 10 x d (1 + d/4): d = 2 Gy.

ERD=25 x 2 (1 + 2/10) + 10 x 2 (1 + 2/10) - 32 x K = 84 - 32 x K.

A 10% gain in ERD compared to the conventional schedule will 
be achieved for a K of 0.45, e.g. for a T^,. of 5 days assuming an 
a of 0.3. With shorter T^'s for tumours with comparable radiosensi
tivity, the relative advantage of this schedule will even be more 
predominant.

However, with the LQ formula recovery of sublethal damage in 
the normal tissues is assumed to be completed in the interval 
between fractions. When there is an incomplete repair between the 
2 daily fractions, acute toxicity may be enhanced and late compli
cations may be induced.

Repair of sublethal damage in acute responding tissues 
(mucosa) is indirectly estimated to be 50% (repair half time) after 
two hours [96]. So, with short intervals between fractions (2-3 
hrs) acute mucosal reactions will be more severe [56,67,71].

Late radiation effects are not clearly related to acute toxic
ity [56,67,68]. For late responding tissues, repopulation is not 
anticipated over the time course of radiotherapy [21,73,94]. For 
those tissues, a slow renewal of their target cells is seen, so 

and repair half time both are long [96]. This is reflected by 
the small a/ß ratio for slowly proliferating tissues. Two variables 
are of interest in determinating the risk of late complications:

1. The time interval between two fractions:

For late skin reactions (teleangiectasia) repair half time may
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be more than 3 hrs [96], and repair may not be completed within 8 
hrs [43] . For mucosa, a repair half time of more than two hours can 
be calculated from clinical data [96]. Late toxicity (fibrosis, 
necrosis and oedema) was enhanced in hyperfractionation schedules 
when the time interval between two fractions was less than 4 to 6 
hrs (Table VII.3).

TABLE VII.3: Late complications, depending on fraction interval 
time:

author n interval
(hrs)

Fraction
ation

late complications

v.d. Bogaert 179 
[12]

4 3 x 1.6 Gy
TD 70 Gy

necrosis
pharyngeal hemorrhage
9% death from compl.

Marcial
[56]

187 3-6 2 x 1.2 Gy
TD 60 Gy

< 4.5 hrs:
40% fibrosis
7% necrosis 

> 4.5 hrs:
27% fibrosis 
no necrosis

Morgan
[67]

15 3-4 3 x 1.1-1.5
TD 60 Gy

3 severe soft tissue 
damage + oedema
1 myelopathy

Nguyen
[68]

39/178 2 6-8 x 0.9-1.1 
TD 66-72 Gy

53% severe compl.: 
cervical fibrosis 
mucosal necrosis 
bone necrosis, oedema
13% died of compl.

Olmi
[71]

161 <4 3 x 2 Gy
TD 48-52 Gy

24% severe compl.: 
osteonecrosis 
persist, mucosa ulcus

Wong
[110]

32 3 4 x 1 Gy
TD 30-45 Gy

2 x myelopathy

With a minimum of 4 to 6 hrs interval in general no increased 
late toxicity is seen [80,84,85,101]. With continuous hyperfrac- 
tionated accelerated radiotherapy (CHART), 3 x 1.5 Gy, 6 hrs 
interval, total dose 54 Gy in 12 days, even reduced damage to late 
responding tissues is recorded; however, risk of spinal cord damage

137



was higher than expected [24]. Repair half time for the spinal 
cord may be longer than expected, reguiring longer intervals be
tween two fractions. So, for hyperfractionation and concomitant 
boost schedules the time interval between two fractions must be
at least 6 hrs.

2. Fraction size:

Higher doses per fraction will result in an increase in incom
plete repair in late responding tissues [94]. Conversely, a de
crease in fraction size to around 1.0 Gy was correlated with an 
increase in tolerance of late responding tissues (stroma) [17]. For 
spinal cord however, a decrease of dose per fraction below 1.8 Gy, 
may not substantially reduce late toxicity [49].

Reported fraction size for the concomitant boost varies be
tween 1.5 and 2.0 Gy [13,19,48,85]. Since repair of slowly prolif
erating tissues is likely to occur more completely when the size of 
the concomitant boost is less than 2 Gy, a lower dose, for in
stance 1.8 Gy, may be preferable. This concomitant boost must be 
given 6 to 8 hrs before the initial fraction, allowing 16 to 18 hrs 
repair time for the higher fraction of 2 Gy. The ERD of this ad
justed concomitant boost schedule is:

ERD= 25 x 2 (1+2 /10) + 10 x 1.8 (1 + 1.8/10) - 32 x K=
(81.2 -32 x K) Gy

VI.4.3.3: Which treatment schedule is optimal?

Based on the assumption that late toxicity should be the same 
for the calculated fractionation schedules, the calculation of ERD 
will serve as a guideline for the determination of the optimal 
schedule.

Conventional tract.: ERD = 84 - K x 46
Hyper fractionation: ERD = 89.8 - K x 46
Concomitant boost: ERD = 81.2 - K x 32.

The value of K will indicate the most appropriate schedule. 
In Figure VII. 1 the correlation between a and T^ is shown for 
various K values. ERD is plotted against K for the three different 
schedules in Figure VII.2.
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ERD in Gy

—^ Conv. 70 Gy/7 w.

—I— Hyperfr. 80.5 Gy/7w 

-tK“ Cone, boost 68 Gy/5w

K in Gy/day

Fig. VII.2: Differences, for three fractionation schedules, in 
correlation between K and ERD, no delayed tumour repopulation 
assumed.

Hyperfractionation will always result in a higher ERD compared 
to the conventional schedule. However, when K is more than 0.6 Gy 
per day the concomitant boost technique is calculated to have 
superior ERD values. Low K values (< 0.35 Gy per day) are associ
ated with high radiosensitivity and slowly proliferating tumours. 
For these low K values, the ERD is sufficiently high for local con
trol when conventional fractionation is used, without the dis
advantage of increased acute toxicity related to the hyperfrac
tionation schedule. There is scope to deliver less than full toler
ance dose to the late responding tissues and still to obtain sub
stantial local control probability for these tumours. Hyperfrac
tionation may be used with an ERD level of the comparable conven
tional schedule.

For K values between 0.35 and 0.6 Gy per day, hyperfraction- 
ation will give highest ERD values. So, for moderately radio
sensitive tumours (a is 0.25 - 0.30) for a of more than 4.5 
days, hyperfractionation is the best option.

Accelerated fractionation is of major importance for tumours 
with a K value of more than 0.6 Gy per day, e.g. for moderately 
radiosensitive tumours (a is 0.25 - 0.30) with a of less than 
4.5 days.
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For very high K values (> 1.0 Gy per day) , indicating low in
trinsic radiosensivity and short T^, the resulting ERD values 
(Figure VII.2) are low, even for the concomitant boost technique. 
Alternative accelerated schedules with a very short overall treat
ment time are recommended for those tumours.

The ERD formula used however, is based on the assumptions that 
repopulation of tumour cells starts immediately after initiation of 
radiotherapy and that repopulation-rate does not change during 
therapy. This may also be concluded from the results of CHART, 
because a reduction of overall treatment time to 12 days resulted 
in local control rates at least equal to those obtained by conven
tional fractionation [84]. With this schedule, a reduction of total 
dose of 16 Gy is possible. This corresponds with a loss of 0.46 Gy 
for each day treatment delay, somewhat lower as shown for laryngeal 
cancer (0.34 - 0.68 Gy) [7,15,42,53,73,108].

Taylor [93] however, estimated, although with some reserve, 
that a dose of 1 Gy per day would be necessary at the end of treat
ment for head and neck cancer to counteract repopulation. This re
flects a T^,. of around 2 days at the end of treatment. This is 
considerably lower than expected from pre-irradiation growth rate. 
This indicates accelerated proliferation of tumours during radio
therapy. Withers [108] calculated a delay time (T delay) of 3 to 
4 weeks following initiation of radiotherapy, after which rapid 
proliferation of tumour cells is seen. The formula of ERD may be 
extended to include this delay time of accelerated tumour prolif
eration [21]:

ERD =dxnx (1+d/ (a/ß)) - K x (T - T delay).

When we assume that accelerated proliferation starts 3 weeks 
after initiation of radiotherapy, ERD values may be calculated for 
the three schedules, resulting in a new plot of ERD against K, see 
Figure VII.3.

These modifications do not alter the importance of K for the 
assessment of the preferred treatment. We have to bear in mind that 
calculated values for ERD are relative values and will of course 
be higher when a T delay is introduced.
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ERD in Gy

—— Conv. 70 Gy/7 w.

—I— Hyperfr. 80.5 Gy/7w 

“ Cone, boost 68 Gy/5

K in Gy/day

Fig. VII.3: Differences between three fractionation schedules, 
in correlation between K and ERD, T delay is 21 days:

In chapter VI, an optimal iso-effect dose, considering local 
tumour control, for T3 laryngeal cancer of more than 61 Gy (T delay 
= 0, a = 0.3, Tp0t= 5) was calculated. This corresponds with an ERD 
of 71 Gy , assuming a T delay of 21 days. For higher K values, the 
corresponding ERD values are relatively higher for Figure VII.3 
compared to Figure VII.2. This indicates a better opportunity to 
control these tumours with a concomitant boost when tumour repopu
lation is assumed to start only 3 weeks after initiation of radio
therapy .

In Table VII.4 correlation between radiobiological parameters 
and optimal fractionation schedules are summarized.
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TABLE VII.4: Optimal radiotherapy planning in relation to K values 
fV arid a) .

K value
Gy per day

Radiosensitivity T"I P°t:days
Fractionation

=< 0.35 High Long Conventional

0.35 - 0.6 Moderate Moderate 
( >4-5)

Hyperfract.

0.6 - +1.0 Moderate Short 
( <4.5)

Cone. Boost

> 1.0 Low Short Short OTT*

*short overall treatment time, e.g. CHART, OTT 2 weeks

VII.4.3.4: Criticism on the LQ model:

The LQ model must be considered as a theoretical basis of 
clinical experience in radiotherapy. It can be used as a guide 
rather than as a strict prescription. The original model, with a/ß 
(repair capacity) as the only factor to be specified, had to be 
extended to incorporate the importance of radiosensitivity (a) and 
overall treatment time (T) in relation to the start of accelerated 
proliferation of clonogenic cells, occurring some time (T delay) 
after commencement of radiotherapy and predicted from the 
potential doubling time of clonogenic cells (T^,.) . So it turned 
from a rather simple into a complex formula, no longer purely 
linear-guadratic. Unfortunately the available data relating to the 
various kinetic parameters at this moment are limited:

1) a/ß: For increasing a/ß values as from 10 Gy, ERD values do 
not substantially decrease [31,93]. For most tumours a/ß will 
be more than 10 Gy, so this value may be used fairly reliable.

2) a: A reliable and rapid determination of radiosensitivity is 
reguired. As a "best" estimate median values of in vitro 
measurements may be used [70].

3) Tpot: fUdR or BUdR-labelling may be used to determine T^,..
4) T delay: To document the onset of rapid proliferation, deter

mination of repopulation before and during radiotherapy would 
be most desirable.
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So, the calculated ERD values in this chapter must not be re
garded as absolute values, but rather as a guiding principle in the 
assessment of the optimal dose-time schedule. Its limitations as 
well as its merits have to be tested as a comprehensive treatment 
factor in clinical research.

VII.5: RADIOTHERAPY WITH REGARD TO A PROSPECTIVE TRIAL

Opinions may differ with respect to the best fractionation 
schedule to be used if a prospective trial is planned. In general, 
there is no "best" fractionation schedule for all patients with 
advanced laryngeal cancer, as shown in VII.4. Before planning a 
randomized trial, e.g. comparing combined therapy with primary 
radiotherapy in advanced laryngeal cancer (see chapter V) , the 
benefit of differentiation between treatment schedules has to be 
demonstrated.

A three-arm study design may be used to randomize conven
tional fractionation, hyperfractionation and the concomitant boost 
technigue. T^,. and, as best one can, radiosensitivity will be 
measured to test the validity of the LQ eguation and the importance 
of K concerning future planning of fractionation schedules. Since, 
especially for the concomitant boost arm, the gain in local control 
compared to conventional and hyperfractionated radiotherapy will 
mainly be seen for tumours with a high K, such a trial reguires the 
accrual of many patients to show a significant benefit in local 
control.

Since measurement of is more established than measurement 
of a, a trial using as the cut-off point for different frac
tionation schedules may be, if not most preferable, most feasible 
and may result in the best expected therapeutic gain. In Figure 
VII. 4, ERD values are plotted against K and T^,., assuming a 
moderate to low radiosensitive tumour with an a of 0.25. From a 
K of 0.6 Gy per day (a T^,. <4.5 days) accelerated radiotherapy is 
preferable to hyperfractionated radiotherapy (VII.4). For a 
greater than 4.5 days, hyperfractionation will be preferable. In 
a prospective trial, a of 4.5 days might be used as a cut-off 
point, when analysing locoregional control and risk of complica
tions for different fractionation schedules. In Figure VII.4 the 
region of expected gain in ERD is shaded.
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Randomization:

Conv. fract. 70 Gy/ 35 fractions/ 7 weeks, vs
Tpot>4-5 daYs {

Hyperfractionation 80.5 Gy/ 70 fractions/ 7 weeks. 

Conv.fract.70 Gy/ 35 fractions/7 weeks, vs
Tpot<4-5 daYs {

Concomitant boost 70 Gy/ 35 fractions/ 5 weeks.

ERD in Gy

— Conv. 70 Gy/7 w. 

—I— Hyperfr. 80.5 Gy/7w 

~ Cone, boost 68 Gy/5

(alpha .25)
K 0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5

Fig. VII.4: Expected gain in local control (shaded area) in a trial 
comparing conv. fr. (.) with alternative schedules: Hyperfr. (+) 
for K<0.6 >4.5 days for ct=0.25), and Cone, boost (*) for K>0.6
(T < 4.5 days for a=0.25), assumed T delay=21 days.

Results of patients treated with the conventional schedule 
should be tested against results of patients treated with either 
hyperfractionation or a concomitant boost. If we expect a 20% 
provement of local control rate for the non-conventional treatment 
arm, 86 patients (a = 0.05, 1-ß = 0.80) are needed in each arm to 
achieve statistical significancy.

If individual fractionation schedules, depending on radiobiological
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data, have been proven to be most optimal, these could be used in 
a prospective study comparing continuous course radiotherapy with 
combined therapy. As a result of such a future trial, it may appear 
that radiotherapy plays an important role in the management of ad
vanced laryngeal cancer in the future (Gaarenstroom, chapter I).
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SUMMARY:

In chapter I a general introduction concerning laryngeal 
cancer is presented. The incidence of laryngeal carcinoma in
creases gradually. Corrected survival (i.e. laryngeal cancer re
lated survival) has improved over the years. An accurate clas
sification is mandatory to compare the treatment results for 
laryngeal carcinoma. Therefore the differences between the UICC 
classification of 1962, 1978 and 1987 are discussed. The evolution 
of manangement from 1898 until 1990 of, particulary, radiotherapy 
of laryngeal carcinoma is described based on publications in the 
Nederlands Tijdschrift voor Geneeskunde.

In chapter II-VI prognostic factors for local and regional 
control and survival after radiotherapy for laryngeal carcinoma are 
analysed by uni- and multivariate methods. In chapter VII treatment 
strategy and future prospects are discussed.

In chapter II results of T, laryngeal cancer are given. Local 
control was 91% for T1 glottic cancer. A total dose of 66 Gy in 33 
fractions was used. After salvage surgery ultimate locoregional 
control was 97%. A significantly increased risk of local failure 

was seen for tumours, extending to the entire length of the vocal 
cord and in patients who continued smoking.

Local control was 84% and regional control was 81% for tumours 
restricted to the supraglottic region and with normal mobility of 
the vocal cords. Regional control was significantly worse for 
tumours with extension to more than one subsite (T1b) , compared to 
tumours confined to one subsite (T1a). For this reason T1b supra
glottic carcinoma was correctly incorporated by the UICC in T2 stage 
in 1987.

Local control was achieved in 2 of 3 T1 subglottic tumours.

In chapter III results of treatment for T2 laryngeal carcinoma 
are shown. Patients received 70 Gy in 7 weeks to the primary 
tumours. Vocal cord mobility appeared to be a significant prog
nostic factor for ultimate locoregional control and survival. 50 
it is our proposal to subdivide T2 tumours into:
T2a: normal mobility of the vocal cords 
T2b: impaired mobility of the vocal cords.
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Chapter IV describes the results of a selective course of 
radiotherapy for advanced laryngeal carcinoma. Radiation alone for 
advanced laryngeal carcinoma will result in a local cure rate of 
50%. Salvage surgery will be successful in 50% of the patients with 
a local recurrence. To identify patients with a high chance of 
local control with radiation alone, tumour response after 50 Gy in 
5 weeks was used. In patients with T-stage reduction or tumour 
regression of more than 50%, radiotherapy was continued to a total 
dose 70 Gy in 7 weeks. Local control was 69% for T3 and 43% for T4 
tumours. If no or only minor regression was seen a laryngectomy was 
performed.

The tumour response after 50 Gy may select from T3 tumours a 
favourable group of patients for radiation alone, aiming at an im
proved local control for this selected group.

In chapter V study design and general results are shown of a 
retrospective study, conducted by the Dutch Head and Neck Oncology 
Group (NWHHT), concerning T3 laryngeal carcinoma (UICC 1978). 
Patients' history and tumour caracteristics, obtained before 
treatment, are reported. Five year corrected survival was 70%. 
Treatment results have not improved over the years. Survival was 
correlated with tumour extension: tumours involving the vocal 
cord, with or without extension to the ventricle, showed the best 
survival rates.

Patients with involvement of neck nodes at first presentation, 
and patients for which the preferred standard treatment could not 
be followed, showed an impaired survival. Patients treated with 
primary radiotherapy showed results equal to those of patients 
treated primarily by laryngectomy. The best treatment results were 
seen in patients treated by combined therapy. In a prospective study 
primary radiotherapy should be weighed against a planned combined 
therapy. The risk of multiple primary tumours was 20% for male 
patients and 7% for female patients; this difference was 
significant. Bronchial carcinoma was the most frequently observed 
second primary tumour. Prevention and early detection of these 
multiple primary tumours may play an important role in improving 
survival rates in the future.

In chapter VI a time-dose relationship for local control is 
presented for 104 patients treated with radical radiotherapy for 
T3 N0.3 ^ laryngeal carcinoma. Various fractionation schedules were 
used.
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The correlation between local control and total dose, Nominal 
Standard Dose (NSD) and Extrapolated Response Dose (ERD) , using the 
Linear-Quadratic model (LQ), was analysed.

The calculated ERD-values were the only independent prognostic 
factor for local control and ultimate locoregional control. An as
sumed mean potential doubling time of clonogenic cells of five 
days showed the most significant correlation with local control. 
NSD showed no dose-response relationship. Based on the potential 
doubling time of clonogenic cells the importance of more indivi
dualized fractionation schedules is discussed.

In chapter VII treatment strategy and future prospects are 
discussed. Two criteria are important when considering the choice 
of preferred treatment.

Firstly, survival after successful locoregional therapy. Pa
tients, cured of their laryngeal carcinoma have an increased risk 
of second primary tumours and also of death from intercurrent 
disease. This may decrease the possible advantage in survival after 
surgery compared to primary radiotherapy.

The second important factor is quality of life after various 
treatment modalities. Quality of life is, generally, better after 
primary radiotherapy than after laryngectomy.

Based on own results and data from the literature, primary 
radiotherapy is preferred for T1 and T2 tumours. For T3 tumours there 
are various treatment options. A prospective randomized trial of 
planned combination of radiotherapy and surgery, and primary radio
therapy may be proposed. Primary radiotherapy, using different 
fractionation schedules dependent on radiobiological data, is a 
second option. A third option is a selective course of radio
therapy. Based on tumour response a decision is made either to 
proceed with radiotherapy or to perform a laryngectomy.

Surgery in combination with radiotherapy is the preferred 
treatment for T4 tumours. Primary radiotherapy, using alternative 
fractionation schedules, may be another option.

For N, neck nodes primary radiotherapy is preferred; however 
for N2_3 neck nodes a combination of radiotherapy and neck dissec
tion is the treatment of choice.
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At present chemotherapy and radiosensitisers have no esta
blished part to play in the curative treatment of advanced la
ryngeal carcinoma.

The use of the radiobiological parameters, radiosensitivity 
(a) and potential doubling time of clonogenic cells (T^) , is dis
cussed to determine the optimal fractionation schedule, for each 
tumour individually. Different fractionation schedules are evalu
ated using these parameters in the LQ-model. At this moment the 
measurement of is better established than measurement of a. So, 
analyses may be based on the values of T^.

In general an accelerated fractionation schedule is advisable 
for tumours with a short potential doubling time. For tumours with 
a longer potential doubling time a hyperfractionation schedule is 
preferable.

Based on the measured of clonogenic cells treatment may be 
randomized between conventional and alternative fractionation. For 
a T^,. of less than 4.5 days, conventional fractionation may be 
tested against accelerated fractionation; for a Tpot greater than 
4.5 days, conventional fractionation may be tested against hyper
fractionation. Based on the results of this trial the most optimal 
schedule for an individual tumour may be analysed and used in a 
future trial, in which primary radiotherapy is tested against com
bined therapy for advanced laryngeal carcinoma.
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Chapter IX

SAMENVATTING
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IX: SAMENVATTING

I. Algemene inleiding

De incidentie van het larynxcarcinoom neemt geleidelijk 
toe. De voor intercurrent overlijden gecorrigeerde overleving 
is in de loop der jaren verbeterd. Om te komen tot een goede 
vergelijking van de resultaten behaald bij de behandeling van 
larynxcarcinoom, is een nauwkeurig omschreven classificatie 
vereist. Verschillen tussen de UICC classificatie van 1962, 
1978 en 1987 worden beschouwd.

De ontwikkeling vanaf 1898 in met name de behandeling 
door middel van bestraling van larynxcarcinoom wordt beschre
ven aan de hand van publicaties in het Nederlandse Tijdschrift 
voor Geneeskunde.

In Hoofdstuk II-VI worden de factoren besproken die van 
belang zijn voor lokale en regionale controle en overleving na 
bestraling van larynxcarcinoom geanalyseerd naar T-stadium, 
gebruikmakend van uni- en multivariate analyses. In Hoofdstuk 
VII worden therapiebeleid en toekomstige ontwikkelingen 
besproken.

II. Radiotherapie voor Tlf larynxcarcinoom; Prognostische 

factoren voor locoregionale controle en overleving: uni" 

en multivariate analyse.

Bestraling van tumoren die beperkt zijn tot de stemband 
en waarbij de stemband een normale beweeglijkheid vertoont, 
resulteerde bij een dosis van 66 Gy in 3 3 fracties in een 
lokale controle van 91%. Na chirurgische behandeling in ver
band met lokaal en/of regionaal recidief blijkt de uitein
delijke loco-regionale controle op te lopen tot 97%. Tumoren 
die zich uitbreiden over de gehele stemband en tumoren biD 
patiënten die doorroken tijdens en na de bestraling, tonen een 
significant verhoogd risico op een lokaal recidief.

Voor tumoren beperkt tot de supraglottische regio, waar
bij de beweeglijkheid van de stemband normaal is, bedroeg de 
lokale controle 84% en de regionale controle 81%. Voor supra
glottische tumoren was de regionale controle significant läget 
voor tumoren met een uitbreiding over meer dan één van de dne
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subregio's: epiglottis, valse stemband en plica-ary-epiglot- 
tica, in vergelijking tot een uitbreiding beperkt tot één 
subregio. Terecht werd de classificatie van de eerste groep 
veranderd van Tlb in T2 door de UICC in 1987.

Lokale controle werd bereikt bij twee van de drie tumor
en, die beperkt waren tot de subglottische regio.

De kans op late complicaties (meestal mild larynx- 
oedeem) bleek gecorreleerd met de fractie grootte (220 - 235 
cGy) , totale dosis (> 70 Gy) en het al of niet doorroken na 
therapie.

III. Het belang van de beweeglijkheid van de stemband bij het
T2 larynxcarcinoom.

Prognostische factoren voor lokale controle en over
leving met betrekking tot het T2 larynxcarcinoom (uitbreiding 
over twee regio's met normale en/of verminderde beweeglijkheid 
van de stembanden) werden geanalyseerd.

Patiënten werden behandeld met een stralendosis van 70 
Gy in 7 weken. De beweeglijkheid van de ware stemband bleek 
van significante invloed op de uiteindelijke locoregionale 
controle (inclusief chirurgie in verband met een recidief), en 
de overleving. T2-tumoren dienen dan ook onderverdeeld te 
worden in twee subcategorieën:
T2a: met normale beweeglijkheid van de stembanden;
T2];): met verminderde beweeglijkheid van de stembanden.

IV. Regressie na 50 Gy als een selectie voor therapie voor
larynxcarcinoom in een gevorderd stadium.

Bestraling van het larynxcarcinoom in een gevorderd 
stadium (stilstand van de stemband (T3) en groei van tumor 
buiten de larynx (T4)) zal bij de helft van de patiënten 
leiden tot een locale curatie. Vijftig procent van deze pa
tiënten met een lokaal recidief kunnen alsnog door chirurgie 
worden gecureerd.

Met het doel die patiënten te identificeren, waarbij een 
verhoogde kans op locale controle na bestraling kan worden be
reikt, werd de tumor-respons na 50 Gy in 5 weken gebruikt als 
selectiecriterium. Wanneer een reductie van het T-stadium werd
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bereikt of wanneer meer dan 50% tumorregressie werd waargeno
men, werd besloten de bestraling voort te zetten tot een dosis 
van 70 Gy in 7 weken. Dit leidde tot een lokale controle van 
69% in T3 en van 43% in T4-tumoren.

Bij onvoldoende tumor-respons na 50 Gy volgde laryng- 
ectomie na 4 tot 6 weken.

De respons op bestraling na 50 Gy kan dus, voor T3- 
tumoren, mogelijk een selectiecriterium zijn met als doel een 
verhoogde kans op lokale controle met een volledige dosis be
straling.

V. T3 larynxcarcinoom: een retrospectieve studie van de 
Nederlandse Werkgroep Hoofd-/Halstumoren; studie opzet 
en algemene resultaten.

In een retrospectieve studie onder auspiciën van de 
NWHHT (Nederlandse Werkgroep Hoofd-/Halstumoren) werden de 
resultaten van de verschillende behandelingsmethoden voor het 
stadium T3 larynxcarcinoom (onbeweeglijkheid van de stemband 
zonder aanwijzingen voor groei buiten de larynx (UICC 1978)) 
geanalyseerd. Anamnestische en tumorgegevens, verkregen vóór 
behandeling, worden vermeld. De vijfjaars gecorrigeerde over
leving voor de totale groep bedroeg 70%. Er werd geen ver
betering gezien in de behandelingsresultaten in de loop der 
jaren. De overleving was gecorreleerd met de uitbreiding van 
de tumor; tumoren beperkt tot de stemband-eventueel met 
uitbreiding in de sinus Morgagni- toonden de beste overleving-

Patiënten die debuteerden met positieve lymfeklieren en 
patiënten bij wie om diverse redenen de therapie van voorkeur 
niet kon worden gegeven, toonden een verminderde overleving- 
Voor patiënten behandeld primair met bestraling waren de 
resultaten gelijk aan die van patiënten behandeld primair met 
laryngectomie. Patiënten die werden behandeld met voorbe- 
straling gevolgd door laryngectomie al of niet in combinatie 
met nabestraling toonden de beste resultaten. In een eventuele 
prospectieve studie dient primaire behandeling met de bestra
ling te worden vergeleken met een laryngectomie gecombineerd 
met een bestraling.

Het risico op het ontwikkelen van meerdere primaire 
tumoren was 2 0% voor mannen en 7% voor vrouwen, dit verschil
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was significant. Longkanker als tweede primaire tumor werd het 
meest frequent gezien. Het cumulatieve actuariële risico op 
het ontwikkelen van een tweede primaire tumor was 15% na 5 
jaar en 30% na 10 jaar. Voor de verbetering van de overleving 
van patiënten met larynxcarcinoom zal preventie en vroege 
detectie van deze multiple primaire tumoren in de toekomst van 
groot belang zijn.

VI. Locale controle van T3 larynxcarcinoom behandeld met 
radiotherapie, tijd-dosis-relatie: nominale standaard 
dosis vs lineair-kwadratisch model.

Van de patiënten die deel uitmaakten van de landelijke 
retrospectieve studie betreffende T3 NQ_3 M0 plaveiselcel- 
carcinoom van de larynx werden er 104 primair behandeld met 
bestraling. De patiënten werden behandeld met verschillende 
fractioneringsschema's. Het verband tussen de lokale controle 
en de parameters totale dosis, NSD, en ERD (geëxtrapoleerde 
respons dosis) (LQ-model) werd uni- en multivariaat geanaly
seerd. De ERD-waarden, berekend met behulp van het LQ-model, 
bleken als enige een - onafhankelijke - prognostische factor 
voor lokale controle en vooral voor de uiteindelijke loco- 
regionale controle dus inclusief eventuele chirurgie in 
verband met een locoregionaal recidief. Een potentiële ver- 
dubbelingstijd voor clonogene cellen van 5 dagen, berekend als 
gemiddelde voor alle 104 tumoren, toonde de meest significante 
correlatie. Het NSD-model toonde geen dosis-respons relatie. 
Afhankelijk van de potentiële verdubbelingstijd van clonogene 
cellen wordt het belang van meer geïndividualiseerde frac
tioneringsschema's besproken.

VII. Therapie strategie en toekomstige ontwikkelingen.

Bij de keuze van de therapie van voorkeur spelen twee 
criteria een belangrijke rol.

Het eerste criterium is de overlevingskans na succes
volle locoregionale therapie. Een relatief groot deel van de 
patiënten die van larynxcarcinoom zullen worden genezen, zal 
alsnog overlijden aan een tweede primaire tumor of aan een 
intercurrente ziekte. Het eventuele voordeel van chirurgie 
boven radiotherapie kan hierdoor afnemen.
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De tweede belangrijke factor is de kwaliteit van leven 
na de diverse behandelingsmogelijkheden. In het algemeen is de 
kwaliteit van leven na bestraling beter dan na laryngectomie.

Op basis van eigen resultaten en resultaten uit de 
literatuur wordt voor en T2 tumoren primaire bestraling 
aanbevolen.

Voor T-j-tumoren staan verschillende opties open. Een 
prospectief gerandomiseerde trial, waarbij de resultaten van 
primaire bestraling worden vergeleken met een combinatie van 
chirurgie en bestraling heeft hierbij de voorkeur. Het toe
passen van primaire bestraling met verschillende frac- 
tioneringsschema's, afhankelijk van radiobiologische data, is 
een tweede mogelijkheid. Een bestralingsserie, waarbij afhan
kelijk van de tumor-respons besloten wordt tot een volledige 
dosis dan wel laryngectomie, is een derde optie.

Voor T.-tumoren heeft een combinatie van chirurgie met 
bestraling de voorkeur, met als alternatief fractionerings- 
schema's afhankelijk van radiobiologische criteria. Patiënten 
met halsklieren kunnen in opzet curatief worden bestraald, 
bij N2-3 klieren heeft een combinatie van radiotherapie met 
chirurgie de voorkeur.

Volgens de huidige inzichten is er voorlopig geen duide
lijke rol voor chemotherapie en/of radiosensitizers met 
betrekking tot de curatieve behandeling van larynxcarcinoom in 
een gevorderd stadium.

Tenslotte werd ingegaan op het belang van de radio
biologische parameters radiosensitiviteit (a) en potentiële 
verdubbelingstijd van clonogene cellen (Tpo^) voor de bepaling 
van het meest optimale fractioneringsschema voor iedere tumor 
afzonderlijk. Met behulp van deze parameters en het LQ-model 
werden verschillende fractioneringsschema1s besproken. De Tp0t 
is momenteel betrouwbaarder te meten dan a 
ook als uitgangspunt dienen voor nadere analyses 
algemeen zal een geaccelereerd fractioneringsschema van belang 
zijn voor tumoren met een korte potentiële verdubbelingstijd, 
terwijl bij tumoren met een langere potentiële verdubbelings" 
tijd een hyperfractioneringsschema van voordeel zal zijn.
Op basis van de gemeten potentiële verdubbelingstijd van de 
clonogene cellen kan gerandomiseerd worden tussen conven
tionele fractionering en hyperfractionering dan wel geaccele

De T +. kan dan Pot ^ 4.In het
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reerd fractioneren. Bij een potentiële verdubbelingstijd van 
minder dan 4% dag wordt conventionele fractionering vergeleken 
met geaccelereerd bestralen, bij een potentiële ver
dubbelingsti jd van meer dan 4% dag wordt conventioneel 
fractioneren vergeleken met hyperfractioneren. Op basis van 
deze gegevens kan het meest optimale schema voor een indivi
duele tumor worden geanalyseerd. De verkregen resultaten 
kunnen worden gebruikt in een toekomstige trial waarbij 
primair bestralen wordt vergeleken met primair gecombineerde 
behandeling voor larynxcarcinoom in een gevorderd stadium.
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STELLINGEN:

(behorend bij het proefschrift: Radiotherapy for carcinoma of
the larynx, treatment results and prognostic factors)

1. Het strottehoofd is sedert lange tijd de proeftuin van 
de radiotherapeut.

(Lederman, 1970).

2. Een tumor classificatie systeem voldoet slechts indien 
deze algemeen is geaccepteerd en gehanteerd wordt over 
een lange periode.

(B. O'Sullivan and W.J. Mackillop, 1986)

3. De verhoogde kans op een locaal recidief en complicaties 
van behandeling zijn redenen de patiënt met een larynx- 
carcinoom het roken te verbieden.

(dit proefschrift)

4. Het stadium T2 dient te worden onderscheiden in T2a, tu
moren met normale beweeglijkheid, en T2b, tumoren met 
verminderde beweeglijkheid van de stembanden, gezien de 
verminderde kans op uiteindelijke locoregionale controle 
voor de laatste groep.

(dit proefschrift)

5. Het bepalen van de tumorregressie als selectiecriterium 
voor de keuze tussen volledige bestraling of laryngec- 
tomie mag niet leiden tot onderbreking van de bestra
ling, aangezien dit de genezingskans duidelijk doet 
dalen.

(dit proefschrift)

6. Wanneer bij T3 larynxcarcinomm gekozen wordt voor pri
maire laryngectomie, dient deze gecombineerd te worden 
met radiotherapie ter verhoging van de kans op loco
regionale controle.

(dit proefschrift)

7. A total laryngectomy in general compromises quality of 
life, so "the surgeon must offer improvement in progno
sis sufficiently significant to justify such a pro
cedure"

(Bryce et al., 1986)



8. Aangezien niet alle tumoren optimaal te bestralen zijn 
met één uniform schema, zullen in de toekomst op basis 
van radiobiologische parameters meer individueel aange
paste bestralingschema's moeten worden gebruikt.

(dit proefschrift)

9. Men moet voor alle were eerst den quets entdecken, ende 
dat ghedaen, medicine nade diversheit der mesquame 
nemen. Al hadde de meester vijfhondert wonden ghenesen, 
blever eene verholen die doodlic ware, het en vroomde 
niet.

(Gentse Boëthius vertaling, fc3vb, Gent 1485)

10. De verminderde levensverwachting van rokers resulteert 
in een aanzienlijke besparing van de uit te keren 
pensioengelden. Deze vrijgekomen gelden dienen te worden 
aangewend om de meerkosten ten gevolge van het roken, 
vb. voor uitbreiding van de radiotherapie, te finan
cieren.

11. Het louter meedelen van de statistisch gemiddelde 
levensverwachting aan patiënten met kanker is oneigen
lijk gebruik van de statistiek en leidt tot groot leed.

12. Het inschakelen van een groot bureau uit het Westen des 
lands is geen waarborg voor een geschikte naam voor een 
gefuseerd ziekenhuis in het Oosten des lands. De naam 
valt buiten het vertrouwde spectrum van de Twentenaar.

13. In veel proefschriften wordt in één van de stellingen de 
zware psychosociale last gememoreerd, die de promovendus 
vrijwillig op de schouders nam door het schrijven van 
een dissertatie. Een promotie onderzoek naar de persoon- 
lijkheidstructuur van promovendi lijkt dan ook op zijn 
plaats.

C.H.J. Terhaard, 1991.
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