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Abstract

Based on our experience with conventional, daily irradiation, a
split-course radiation schedule was introduced in 1978. The
schedule, which was based on Cohen’s models for squamous cell
carcinoma and vascular damage respectively, predicted an im-
proved tumour control and a reduced rate of late complications,
e.g. late oedema, if the conventional, daily treatment was re-
placed by a split-course schedule. The schedule has later been
abandoned, but the experience gained from split-course treat-
ment at various dose levels has been analysed and the results
compared with those obtained by conventional radiation. The
data allowed construction of dose-response curves and estima-
tion of iso-effect doses. Split-course treatment was associated
with a significantly reduced therapeutic ratio because, disap-
pointingly, it did not improve tumour control, and the severity of
late complications grew. No late complications were avoided by
introducing a 3-week pause in the radiation therapy regimen, nor
was the tumour response improved despite a 12-Gy increase in
total dose. This indicates a significant repopulation correspond-
ing to more than 0.5 Gy/day, equivalent to an up to 100-fold
increase of the number of clonogenic tumour cells during the
pause—an increase that occurred despite the decrease, clinically,
of the tumours during this period.

Key words. Therapeutic radiology; laryngeal cancer, compari-
son conventional vs split-course, tumour control, oedema, fistu-
las.

Radiotherapy is the primary treatment of laryngeal car-
cinoma in Denmark. A detailed analysis of 308 patients
treated to 57 or 60 Gy totally with conventional, daily
irradiation in the period of August 1963 through August
1972 (9) showed that the local control rate probability and
the degree of late oedema could usefully be described by
the cell population kinetic model proposed by CoHEN (4,
5, 9). Thus, a close agreement between the observed and
the expected local control for squamous cell carcinoma
was found. Although the model does not prescribe any
special relationship for late oedema, the model for late

effects in the vascular stroma was found to correlate well
with this function. With this experience a working hypoth-
esis was proposed from which it was possible to predict
the frequency of local recurrence and late oedema. A
theoretically optimal split-course schedule was calculated
from the extrapolated data, which predicted an improve-
ment in local control rates from 74 to 87 % and a drop in
late complications from 6% to less than 1% (9). Accord-
ing to Cohen’s model, this would occur if the treatment
schedule was changed from 60 Gy (30 fractions over 6
weeks) to a split-course regimen with 40 Gy (20 fractions
over 4 weeks) followed by a 3-week interval before ending
the treatment with an additional 32 Gy (16 fractions over
31/2 weeks), i.e. a total dose of 72 Gy in 36 fractions over
101/2 weeks. Such a schedule was adopted at the Depart-
ment of Radiotherapy and Oncology in January 1978. Due
to an unexpected, high incidence of complications, the
total dose was reduced to 68 Gy in January 1979 (9). This
reduced schedule was used until October 1979 when the
Danish Head and Neck Cancer Study (DAHANCA) pro-
tocol 2 was launched (13). Only patients treated prior to
the DAHANCA study are included in the present analy-
sis. The split-course principle has later been abandoned,
but the experience gained from split-course treatment at 2
dose levels is now available for a comparative analysis.

The aim of the present study was to provide a clinical,
radiobiological analysis of parameters related to regenera-
tion in tumours and late responding normal tissues, and to
focus on the importance of overall treatment time. Pend-
ing a more detailed investigation a thorough evaluation of
the hypothesis and the validity of Cohen’s model is con-
sidered outside the scope of the present analysis.
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Table 1

Overview of treatment schedules

Radiotherapy schedule

Period

Daily radiation
57 Gy/30 fr./6 wk
60 Gy/30 fr./6 wk
Split-course radiation

40 Gy/20 fr./4 wk-3 wk-32 Gy/16 fr./3.5 wk
40 Gy/20 fr./4 wk-3 wk-28 Gy/14 fr./3 wk

Aug 1963 -June 1970
July 1970~ Aug 1972

Jan-Dec 1978
Jan-Oct 1979

Table 2

Frequency of local tumour control and late radiation morbidity

Schedule Tumour control

Late oedema Fistula

57 Gy daily rad.
60 Gy daily rad.
68 Gy split-course
72 Gy split-course

63+3% (132/208)
74+4% (72/97)
61+8% (20/33)
7316 % (43/59)

2+1% (5/208)

6£2% (6/97)
24+7 % (8/33)
53+£6% (31/59)

23+6% (12/52)
21+£9% (4/19)
75+21% (3/4)
92+8% (12/13)

Frequency estimated with £1 SD based on binomial distribution.

Material and Methods

Ninety-two patients with histopathologically verified in-
vasive squamous cell carcinoma of the larynx were treat-
ed with split-course radiotherapy between January 1978
and October 1979. All patients were treated with a cura-
tive intent using high voltage radiation with Cobalt-60.
The material consisted of 70 (76 %) glottic and 22 (24 %)
supraglottic tumours. The analysis was performed in De-
cember 1986, and no patients were lost for follow-up. The
split-course irradiated patients were compared with 308
patients given continuous, daily radiation at 2 dose levels
(57 or 60 Gy) as previously described in detail (10).

The radiation therapy technique, fractionation sched-
ule, description of data, and analysis, as well as a detailed
argumentation of using the split-course irradiation, have
previously been published (9, 10). The radiation treatment
given to the split-course treated patients was applied as
described in these papers. The 4 different fractionation
schedules are shown in Table 1.

The end-points in the present analysis were local tu-
mour control, late oedema, and frequency of fistula in
patients undergoing laryngectomy for recurrence. The
data for these frequencies have previously been published
for the continuously treated group (9, 10) and have been
estimated similarly in split-course treated patients.The
values given are the observed minimum frequencies (10).
Dose-response curves are performed by logit-analysis
17).

Late oedema was defined as clinically significant, per-
sistent oedema noted in the patient’s records. Since oede-
ma may precede local failure late oedema was excluded in
patients with local recurrence within 18 months (10). In

the split-course schedule late oedema was only observed
in 3 patients with local failure and after latency periods of
between 2 to 4.5 years.

Fistula-incidence was corrected for the use of metroni-
dazole (given as a prophylactic to ward off anaerobic
infection at the time of laryngectomy) which has been
shown to strongly affect the results (20). Therefore, only
patients who did not receive the prophylactic treatment
were included.

Variations in total dose in both continuous and split-
course treated patients allowed distinction of 4 groups of
patients, viz. receiving either continuous or split-course
irradiation at 2 different dose-levels (Table 2). The materi-
al in this table constitutes the basis for the present analy-
sis.

The 4 treatment groups were comparable with regard to
tumour localization (glottic, supraglottic), stage and T-
classification, tumour volume, field size, and observation
time.

Results

Both tumour control and late normal tissue damage
showed a steep dose-response relationship. An increase
of 34 Gy in both the conventional and the split-course
schedules thus resulted in a significantly increased re-
sponse, the magnitude of which is illustrated by the slope
of the dose-response curves (Figs 1, 3 and 4).

Local tumour control. An increase of 3 and 4 Gy in the
continuous and the split-course regimen brought about an
11% and a 13 % increase in tumour control respectively.

This prominent dose-response relationship allowed con-
struction of dose-response data based on a logit analysis
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Fig. 1. Logit estimate of dose-response relationship for squa-
mous cell carcinoma of the larynx treated with daily or split-
course radiotherapy. @ Split-course; O continuous treatment,
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Fig. 3. Dose-response relationship for frequency of late oedema.
The curve fits both data from continuous and split-course irradia-
tion. @ Split-course; O continuous treatment.

(Fig. 1). The virtually identical shape of the 2 dose-re-
sponse curves with a rightward shift of the split-course
curve equivalent to approximately 12 Gy demonstrates
the need for an increase in the total dose of this order to
obtain equal effect by the 2 regimens. From Table 3,
showing iso-effect values for 65% tumour control, it ap-
pears that TCD6S values are statistically significantly dif-
ferent (a difference of 12 Gy), corresponding to a ratio of
1.21. Identical tumour control in squamous cell carcinoma
of the larynx thus requires a supplementary, approximate-
ly 20% increase in dose to compensate for a 3-week pause
in the treatment.

Clinically, the extent of tumour regression during the 3-
week interval was recorded in all patients (Fig. 2). Despite
the increase in the number of clonogenic tumour cells
during this 3-week interval, the tumours obviously re-
gressed or, at least, they maintained their size, none
showing any progression (Fig. 2).

Late normal tissue complications. The late radiation
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Fig. 2. Clinical evaluation of tumour response during a 3-week
pause after 40 Gy in 4 weeks. All patients were evaluated imme-
diately before and after the split interval (78 patients with evalua-
ble tumours).
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Fig. 4. Frequency of fistula in patients undergoing laryngectomy
as a function of total dose and irradiation schedule. All data can
be described by the same dose-response curve. @ Split-course;
O continuous treatment.

damage to normal tissue was primarily recorded as late
oedema. The frequency of this kind of tissue damage rose
from 2 to 6% in patients treated with daily radiation,
depending on the size of the total dose administered, to a
staggering 51 % in patients having received a split-course
treatment with a higher total dose (72 Gy). A logit analysis
performed separately for the continuous and the split-
course schedule showed that the latter did not statistically
significantly shift the dose-response curves to the right.
Thus, no significant difference was observed between the
2 estimated iso-effect levels at 5% and 35 % respectively
(Table 3). In fact, all 4 data points were best described by
the same dose-response curve (Fig. 3), which indicates
that no significant regeneration occurred during the 3-
week interval.

Table 3 showed a non-significant, slight recovery ratio
at the 5 and 35% level confirming the impression that no
dose-sparing takes place with regard to late oedema.

The second late normal tissue end-point was fistula
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Table 3

Isoeffect doses for local tumour control and late normal tissue damage in larynx carcinoma treated
with continuous or split-course radiotherapy

Isoeffect Continuous Split-course Dose Recovery
end-point radiation radiation recovered ratio
Gy Gy Gy
65 % Tumour 57.4 69.4 12.0 1.21+
control (55.8-59.0)* (65.8-73.3) (1.14-1.28)
5% Late oedema 59.3 62.6 33 1.06
(57.1-61.6) (56.4-69.5) (0.95-1.17)
35% Late oedema 66.9 69.6 2.7 1.04
(55.8-80.2) (67.9-71.4) (0.88-1.23)
22.5% Fistula 57-60 61.4 14 1.02-1.07
(44.2-85.2)

* 95% confidence limits in parentheses.

+ Statistically significant different from 1, p<0.001.

after laryngectomy. The present analysis only includes
patients where the surgical procedure related to laryngec-
tomy is known to be similar. The frequency of laryngecto-
my and the incidence of failure were largely alike in the
continuous and the split-course schedule, and the rate of
complications (e.g. fistula) consequently should be ex-
pected to be of the same significance in the 2 schedules if
not affected by factors such as radiation schedule and
dose. There was no dose-response relationship in the
continuous treatment schedule, but split-course therapy
significantly raised the incidence of fistulae, depending on
the total dose (Table 2). A proper iso-effect analysis could
therefore not be performed, but an estimate at the 22.5%
level showed only a minor, insignificant dose-sparing ef-
fect of the split-course regimen. A logit analysis including
all 4 data points was not statistically significantly different
from that based on split-course radiation data only, which
indicates that the dose-response curves after continuous
and after split-course radiation came up with the same
frequency for fistula. Thus, the introduction of a 3-week
interval had no obvious effect neither on the frequency of
late oedema nor the frequency of fistula.

Therapeutic ratio. It is obvious that the prominent in-
crease in late complications associated with the lack of a
similar improvement in tumour control results in a signifi-
cant decrease in the therapeutic ratio. This is apparent
both from the data in Table 3, and from Fig. 5, which, at 2
dose levels, compares continuous and split-course radi-
ation in schedules yielding almost identical tumour con-
trol levels.

Discussion

The purpose of the present paper was not to evaluate
Cohen’s model; yet it appeared that the actual results
obtained did not tally with the predictions offered by the
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Fig. 5. Comparison of continuous and split-course radiation at 2
dose levels. B Continuous irradiation; B Split-course irradiation.

model, in particular for parameters related to regeneration
and influence of overall treatment time.

The use of split-course radiotherapy has certain imme-
diate advantages. The patients tend to like the treatment
because the interval allows them to recover from the
immediate strain of radiotherapy. The acute radiation re-
action is reduced and tends to show prominent recovery
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in the split interval. The overall compliance during and
immediately after treatment is therefore better in a split-
course regimen than in a similar continuous, daily sched-
ule. However, in a rapidly proliferating tumour, like a
squamous cell carcinoma of the larynx a very high price in
terms of total doses must be paid to obtain a similar
tumour control probability as the one achieved with a
continuous regimen. The approximate 20% increase re-
quired in the present study is in agreement with more
recent data of split-course treatment in head and neck
tumours which show either a decrease in tumour control,
when giving identical total doses, or a need for compensa-
tion to yield similar results in a split-course regimen (2, 3,
7, 8, 11, 15, 22). However, to our knowledge we are the
first to produce dose-response data that allow estimation
of iso-effect and a comparison between a continuous and
a split-course schedule. The 12 Gy interval observed at the
65 % tumour control level is the result of a 3-week inter-
val. There is a striking similarity between this value and
the observations by BubinNAa et al. (3) and MACIEJEWSKI et
al. (12) that a prolongation of the overall treatment time
should be compensated for with approximately 0.5 Gy per
day (see WiITHERS et al. (22) for a detailed overview).
Assuming that this increment in dose solely or mainly is
due to regeneration during the interval, the increase in
clonogenic tumour cells can be calculated. On the basis of
steepness of dose-response curves and in vitro data,
FowLER (8) has estimated that the dose needed in a normal
fractionation schedule to reduce the clonogenic cell popu-
lation with a factor of 10 is approximately 6 Gy. On this
assumption, a 12 Gy increase in iso-effective dose sug-
gests that the number of clonogenic cells in the 3-week
interval has increased with a factor of 10%. A hundredfold
increase in the number of clonogenic cells during 3 weeks
demands a minimum of 6-7 tumour cell doublings, corre-
sponding to a cellular doubling time of 3-4 days. This
rapid proliferation of squamous cell carcinoma is in agree-
ment with the estimates of potential doubling time recent-
ly discussed by several authors (3, 7, 8, 18, 19, 22). The
present data therefore confirm the point-of-view that in-
troduction of an interval 4 weeks into a radiation therapy
course is associated with a very rapid cellular prolifera-
tion rate of squamous cell carcinoma of the larynx. Fur-
thermore, this increase in clonogenic cells occurs despite
a clinical decrease in tumour volume (Fig. 2), and the
clinical prediction therefore does not necessarily reflect
the number of clonogenic tumour cells.

We may reasonably deduce that the need for incre-
ments in the total dose springs from the tumour cell
repopulation, which is a major and clearly the most impor-
tant parameter in split-course treatment. Although hypox-
ia may be a significant factor in head and neck tumours,
there are several reasons why it may be of less importance
in the present study. Firstly, the influence of hypoxia
seems less important in laryngeal than in pharyngeal tu-
mours (14), secondly the cases in question are mainly

relatively small tumours even showing tumour regression
during the 3-week interval (Fig. 2) and therefore an in-
crease in the hypoxic fraction seems unlikely.

A detailed analysis of acute radiation reactions was not
performed in the present study due to the insufficiency of
the data. However, it was the general impression that the
split-course treatment was better tolerated, especially
when large treatment fields were applied. Such sparing
was certainly not observed with regard to late complica-
tions where the incidence of oedema and fistula formation
was dramatically increased as a function of total dose. No
significant sparing was observed as a function of the 3-
week interval, which confirms clinical and experimental
observations that the overall treatment time has no or
only little influence with regard to late responding normat
tissues (1, 6, 7). The 3-week interval is simply too short
for the tissues in question to respond with repopulation,
and the damage will consequently correspond to the total
dose applied. This lack of influence of the overall treat-
ment time issues a grave warning against the use of frac-
tionation models where this parameter is included. On the
other hand, it lends some support to the use of the linear
quadratic model for prediction of late normal tissue dam-
age when altering fractionation schedules (7).

The linear quadratic model does not include a parame-
ter for overall treatment time, which apparently is not
critical for prediction of late normal tissue damage. The
present study indicates that one should not expect an
increased treatment time to reduce late normal tissue
complications, and it clearly demonstrates that even a
small increment in total dose may result in a very signifi-
cant increase in the complication rate, i.e. the dose re-
sponse curve for late complications is very steep.

The incidence of fistula was very high in the present
study which may be explained by the inclusion of fistulas
of very short duration. The use of this end-point is associ-
ated with a number of problems recently reviewed (20).

In squamous cell carcinoma of the head and neck, the
obvious decrease in the therapeutic ratio with increasing
overall treatment time is caused partly by the short cellu-
lar doubling time and partly by the lack of regeneration in
late responding normal tissues. Therefore, any increase in
overall treatment time must be compensated for by an
increase in dose which, in turn, will be associated with an
increase in normal tissue complications, the magnitude of
which will be considerable because of the steepness of the
dose-response curve. On the other hand, evidence is gath-
ering in support of an improvement of the therapeutic
effect by a shortening of the overall treatment time, and
several clinical studies have shown a remarkable result in
patients with similar tumours treated with multiple daily
fractions for a short treatment period (16, 18, 21). The
present investigation has, indeed, underlined the impor-
tance of treatment time, and it strongly indicates that a
radiation treatment once commenced should be complet-
ed as soon as possible without any unnecessary delay.
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