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ABSTRACT

Objectives: This single-institution study evaluates the
feasibility of accelerated fractionation radiotherapy (AF)
with and without mitomycin C (MMC) in the treatment
of locally advanced head and neck cancer.

Patients and Methods: Between May 1998 and Oc-
tober 2001, sixty patients with locally advanced stage III
and IV of head and neck cancer were randomized into
three treatment arms: (1) conventional fractionation radio-
therapy (CF) (5 fractions per week); (2) accelerated
fractionation radiotherapy (AF) (6 fractions per week);
and (3) AF plus Mitomycin C (MMC).

Results: The 2-year overall survival (OS) of the whole
group was 21%. The OS according to treatment arm was
23%, 20%, and 28% in CF, AF, and AF+MMC arms
respectively (p<0.19). The 2-year loco-regional control
(LC) rate was 22% for the whole group of patients. The
LC was 10%, 25%, and 30% for the CF, AF, and AF+MMC
respectively (p=0.27). The only significant parameters for
OS and LC were performance status and pre-treatment
hemoglobin level. Mucositis grades 3 & 4 occurred in
70% and 90% of the patients in the AF and AF+MMC
arm respectively compared to 55% of patients in the CF
arm (p=0.04). However the addition of MMC did not
significantly increase the incidence or severity of mucositis
between AF and AF+MMC (p=0.13). Hematological tox-
icity grades 3 & 4 were significantly higher after MMC
(occurred in 40% of patients versus 10% and 5% in CF
and AF arms respectively, p=0.04). There was no statisti-
cally significant difference in the incidence of grade 3
dryness of mouth (p=0.06), fibrosis (p=0.6), or lymphoe-
dema (p=0.39) among the three arms.

Conclusion: There was a trend for improvement of
LC and OS rates with the use of AF and the addition of
MMC to AF compared to CF radiotherapy, although the
difference was not statistically significant. The small
number of the patients in each treatment arm and the
inclusion of multiple tumor sites may contribute to these
statistically insignificant results. Accordingly we advise
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to continue the trial with inclusion of a larger number of
patients and restrict tumor sites to one major site.

Key Words: Head and Neck cancer - Radiotherapy -
Altered fractionation - Mitomycin C.

INTRODUCTION

Squamous cell carcinoma of the head and
neck region is a loco-regional disease, whereas
distant metastases are infrequently seen at the
time of diagnosis. Radiotherapy and surgery
are thus the treatment of choice [1]. One of the
important biological factors related to the out-
come of radiotherapy in squamous cell carcino-
ma is the association of proliferation of tumor
cells during treatment period, thus prolongation
of the treatment time may reduce the chance
for tumor control and in contrast, substantial
number of clinical reports indicated that a re-
duction in the overall treatment time may result
in improved local control [2,3,4]. Various strat-
egies for reduction of the overall treatment time
were investigated including pure treatment
acceleration, split course, concomitant boost,
and continued hyper fractionated accelerated
radiotherapy (CHART) [5-10]. These studies
showed encouraging results as regards local
control rate [6,7,10]. However the increased
incidence and severity of acute mucosal reac-
tions in these studies were dose limiting factors.
The effectiveness of radiation therapy is also
limited by the presence of hypoxic cells, which
are relatively radio-resistant. Substantial evi-
dence suggested that human tumors especially
squamous cell carcinoma of the head and neck
contain a large amount of hypoxic tumor cells



[11-14]. To achieve the same proportion of tumor
cell killing, about three fold of the radiation
dose is required for hypoxic cells compared to
that for well-oxygenated cells [15]. Methods to
overcome hypoxia include blood transfusion,
normobaric or hyperbaric oxygen breathing or
hypoxic radiosensitizers. In recent years, cyto-
toxic drugs especially directed against radiore-
sistant hypoxic cells have been tested. Most of
these agents are metabolically activated under
reductive hypoxic conditions. Theoretically, the
concomitant administration of Mitomycin C
and radiation therapy should result in an en-
hanced effect since these agents are directed
against different tumor subpopulations [12,16,
17]. The analysis of the results of the studies
using Mitomycin C and radiotherapy, so far
suggests that Mitomycin C improves the radia-
tion induced local tumor control without en-
hancing the radiation reactions in normal tissues
[18,19].

The aim of this study was to evaluate the
therapeutic gain of using accelerated fraction-
ation radiotherapy with or without Mitomycin
C in the treatment of locally advanced head and
neck cancer.

MATERIAL AND METHODS

Between May 1998 and October 2001, sixty
patients with locally advanced stage III and IV
squamous cell carcinoma of the head and neck
were enrolled in this study. They were treated
at the radiation oncology department of the
National Cancer Institute (NCI), Cairo Univer-
sity. Eligibility criteria included tumors classi-
fied as stage III-IV according to TNM classifi-
cation (UICC 1987) located in the oropharynx,
hypopharynx, larynx, and oral cavity with
histopathological diagnosis of squamous cell
carcinoma. Patients were ≥18 up to 70 years of
age, had performance status of 0-2 according
to WHO criteria and had no prior chemotherapy,
radiotherapy or surgery except for biopsy. Pa-
tients with proven distant metastasis or synchro-
nous multiple malignancies were excluded.

All patients underwent uniform staging pro-
cedures including: Physical examination, routine
laboratory tests (complete blood count, hepatic
and renal function), and imaging studies includ-
ing computerized tomographic (CT) scan of
primary site and draining lymph nodes, chest
radiograph, and abdominal ultrasound. Bone

scan was optional when there was suspicion for
bone metastasis. Fiber-optic endoscopy of upper
aero-digestive tract was routinely done.

Randomization: Patients were randomized
to either conventional (CF) or accelerated frac-
tionation (AF) radiotherapy with or without
Mitomycin C. The overall study design is shown
in Fig. (1).
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Fig. (1): Randomization scheme.

Stage III & IV HNC Randomized to:

Arm 1
5 Fractions/week (68Gy/34 Fractions/61/2 week)

Arm 2
6 Fractions/week (68Gy/34 Fractions/51/2 weeks)

Arm 3
6 Fractions/week (68Gy/34 Fractions/51/2 weeks)

Mitomycin C (MMC)
15mg/m2 at the end of 1st week

Radiation treatment: Prior to treatment,
dental care was done for all patients. Patients
were immobilized with individually made plastic
casts. All patients were treated in the supine
position. Simulation was carried out for all
patients in the treatment position. The treatment
portals were tailored according to site of primary
tumor and draining lymph nodes. All patients
were treated by 6MV photon beam and electron
beam of appropriate energy. The total dose for
the three arms was 68GY and the dose per
fraction was 200cGy. The clinical target volume
(CTV) received a dose of 50Gy and the gross
target volume (GTV) including the primary
tumor and gross palpable lymph node was treat-
ed to 68Gy. The spinal cord should not receive
more than 45Gy.

Chemotherapy: Mitomycin C was given in
one arm only with AF radiotherapy. It was given
with a dose of 15mg/m2 as an IV infusion over
15 minutes. The drug was given once at the end
of the first week of radiotherapy after complete
hematological assessment. On the day of drug
treatment, radiation was given first followed
by the drug 2 hours later.

Follow up: During treatment, patients were
examined weekly. The treatment toxicity was



reported according to the RTOG/EORTC scoring
of acute and late radiation reactions. Patients
were assessed for treatment response 2 months
after end of radiation treatment. Treatment
evaluation included computerized tomographic
(CT) scan and fiber-optic examination. Patients
were followed up every 2 months for the first
year and every 3 months for the second year
and semiannually thereafter.

Statistical analysis:
Survival is defined as the time from regis-

tration to death regardless of the cause. Survival
and local control curves were constructed by
the method of Kaplan-Meier [20]. Statistical
comparisons were conducted by the log rank
test [21]. Descriptive statistics were presented
as means ± standard deviation and number and
percentage (frequency distribution). Analytical
tests included unpaired student t test (two sided)
for comparing two groups.

RESULTS

This study included 60 patients, 20 patients
in each arm. All patients completed their treat-
ment. The period of follow-up ranged from 6
to 42 months with a median of 10.5 months.
Table (1) shows the patients characteristics and
their distributions according to treatment arm.
There was no significant difference in the dis-
tribution between the three arms.

The pre-radiotherapy Hb level for the whole
group of patients ranged from 8 to 15.7g/dl with
a median value of 12g/dl with comparable re-
sults between the three arms. The Hb level at
the end of treatment (week 7) ranged from 6 to
13.6g/dl, with a mean value of 10.7g/dl. The
post treatment means Hb values were 10.8g/dl,
11.4g/dl and 9.9g/dl for CF, AF, and AF + MMC
arms respectively.

Forty two patients (70%) required intrave-
nous fluid (IV) or tube feeding during their
treatments (55% in CF arm, 75% in AF arm,
and 80% patients in AF + MMC arm).

For the whole group of patients the overall
treatment time (OTT) ranged from 38 to 66
days with a median value of 48 days. The me-
dian value of OTT was 55, 43, and 42 days for
CF, AF, and AF + MCC arms respectively.
Seven, 8 and 8 patients in CF, AF, and AF +
MMC, respectively, completed their treatment
in the planned OTT (38% compliance rate).

Treatment response: Twenty patients achie-
ved CR (25%) (4 in CF arm, 9 in AF arm, and
7 in AF + MMC arm). The remaining 40 patients
showed partial regression or disease progression.
The duration of CR ranged from 3 to 42 months
with a median value of 7 months. Ten patients
sustained CR (2 in CF, 3 in AF, and 5 in AF +
MMC arm), while the other 10 patients failed.
The cause of failure was tumor recurrence in 6
patients, 2 of them associated with nodal failure.
Distant metastases occurred in 4 of these 10
patients (3 patients in the AF arm, and one
patient in AF + MMC arm). All patients failed
within a period of 3-7 months with a median
value of 5 months.

Distant metastasis: It occurred in 6/60 pa-
tients (10%); one patient in the CF arm, 3 in
the AF arm and 2 patients in AF+ MMC arm
(p=0.2). The site of the primary tumor was
hypopharynx in 2 patients, oropharynx in 3
patients and laryngeal in one patient. In 3 pa-
tients, the distant metastases were the only site
of failure, in the other 3 patients the distant
metastases were associated with loco-regional
failure.

Overall survival: The 2-year overall survival
(OS) for the whole group of patients was 21%
(Fig. 2). In a univariate analysis, we studied
the influence of age, sex, performance status
(PS), histopathological grade, primary site, pre-
radiotherapy hemoglobin level and treatment
arm. The only prognostic factors were PS and
pre treatment hemoglobin level. The OS for
patients with PS0 was 40% compared to 21%
for patients with PS1-2 (p<0.005). The OS was
significantly better for patients with Hb >12g/dl
than for patients with Hb ≤12 (40% Vs 16%,
p<0.04). According to treatment arm, the OS
of patients treated in AF + MMC arm was 28%
compared to 23% in the CF arm and 20% in
the AF arm (Fig. 3), but the difference was not
statistically significant (p<0.19).

Local control: The 2-year loco-regional
control rate (LC) for the whole group of patients
was 22%. In a univariate analysis, we studied
the influence of age, sex, performance status
(PS), histopathological grade, primary site, pre-
radiotherapy hemoglobin level and treatment
arm. As in OS estimation, the only prognostic
factors were PS and pre treatment hemoglobin
level. Patients with PS0 were associated with
significant better loco-regional control rate
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(39%) compared to patients with PS1-2 (13%)
(p<0.026). Also patients with the pre treatment
Hb level >12g/dl had better LC rate (31%) than
for patients with Hb ≤12 (13%) (p<0.05). The
treatment arm had no significant impact over
LC rate, whereas AF + MMC arm showed LC
rate of 30% compared to 25% and 10% for AF
and CF arms (p<0.27) (Fig. 4).

Early normal tissue reactions:
Mucositis: All patients experienced mucositis

grade 1-2, while grades 3 & 4 occurred in only
70% (43/60 patients). The incidence of high
grade mucositis (Gr 3 & 4) was significantly
higher in AF + MMC arm (18/20 patients; 90%)
compared to 11/20 patients (55%) in CF arm
and 14/20 patients (70%) in AF arm (p<0.04).

Skin reaction: There was no significant dif-
ference in the incidence of grade 3 & 4 skin
reaction between the three treatment arms.
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Table (1): Distribution of patients’ characteristics according
to treatment arm.

20 (25)
40 (75)

23 (38)
30 (50)
7 (12)

15 (25)
14 (23)
14 (23)
17 (29)

24 (40)
36 (60)

6 (10)
28 (47)
26 (43)

17 (28)
21 (35)
16 (27)
6 (10)

11 (18)
33 (55)
16 (27)

Total
No. (%)

49

9
11

5
14
1

6
4
3
7

7
13

1
8
11

5
6
5
4

4
12
4

11.5

AF+
MMC

54

5
15

10
8
2

5
5
5
5

10
10

4
10
6

7
7
5
1

2
10
8

12.5

AF

53

6
14

8
8
4

4
5
6
5

7
13

1
10
9

5
8
6
1

5
11
4

12

CFCharacters

Age (mean)

Sex:
Male
Female

Performance status:
P0
P1
P2

Site:
Oral cavity
Oropharynx
Hypopharynx
Larynx

Stage:
III
IV

T-stage:
T2
T3
T4

N-stage:
N0
N1
N2
N3

Histopathological Gr.:
G1
G2
G3

Pre treatment Hb % (mean)
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Fig. (4): Local control rate according to treatment arm.
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Fig. (3): Overall survival according to treatment arm.
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Fig. (2): Overall survival for the whole group of patients.
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Hematological toxicity: There was a high
incidence of grade 3 and 4 hematological tox-
icity in the AF + MMC arm, 8 patients (40%),
with only 2 patients in CF arm and one patient
in AF arm. This difference was statistically
significant (p=0.04).

Late normal tissue reactions:
There was no significant difference in grade

3 dryness of the mouth, subcutaneous fibrosis,
trismus and lymphoedema between the three
arms. Severe post radiation laryngeal edema
occurred in two patients with cancer larynx
(one in the AF arm, and the other one was in
the AF + MMC arm), which necessitated tra-
cheostomy done for them. Three patients (one
in each arm) developed malignant fistulae 2-3
months after the end of treatment due to disease
progression.

DISCUSSION

Squamous cell carcinoma of head and neck
is predominantly a loco-regional disease, and
the primary treatment methods are radiotherapy
and surgery [22]. Head and neck cancer can be
cured by radiation, but tumors might be heter-
ogeneous for intrinsic radiosensitivity. The
heterogeneity results in variation in the total
dose needed to control the tumor, the presence
of tumor hypoxia with the consequential hypoxic
radioresistance, and tumor cell proliferation
during treatment [2,13,22,23].

A cause of treatment resistance could be
radiation induced accelerated proliferation of
colonogenic tumor cells. A reduction of chance
of tumor control through the lengthening of
radiation treatment time has been proved clin-
ically and biologically [2,5]. Furthermore, in
several clinical studies, reduction in the total
treatment time has improved tumor control
[1,24]. Various AF schedules have been proposed
with efficacy confirmed by randomized trials
[5-9]. The DAHANCA-7 schedule [10] was an
attractive one to be investigated in our patients
as there was lower risk of excessive late toxicity
and the number of fractions remained the same,
so that no extra hours of machine utilization
per patient are required.

We chose to add Mitomycin C to AF arm as
MMC targets, predominately the hypoxic cells,
which are less radiosensitive, and therefore it
might improve the therapeutic outcome [12,16,18].

In the present study there was relatively
more laryngeal tumors (29%) followed by oral
cavity tumors (25%), then oropharyngeal and
hypopharyngeal tumors (23% of patients in
each of them). This was comparable to other
Egyptian studies [25,26] but was different from
those reported in some western literatures, where
there were more oropharyngeal and oral cavity
tumors, and less laryngeal tumors and hypopha-
ryngeal tumors [6,13,18,19].

The pre-radiotherapy Hb level for our group
of patients ranged from 8 to15.7g/dl with a
median value of 12g/dl. these values of Hb level
were similar to those reported in other Egyptian
series [25,26] but were less than those reported
in western studies (the upper range of normal
level) [9,11,22,27].

Forty two patients (70%) required intrave-
nous fluid (IV) or tube feeding during their
treatments (55% in CF arm, 75% in AF arm,
and 80% patients in AF + MMC arm). Similarly,
in the study of Lee et al. [28] they reported that
a high proportion of patients in the AF arm (6
fractions per week) compared to CF arm re-
quired nasogastric tube feeding (p<0.01).

The overall treatment time for all our patients
ranged from 38 to 66 days with a median value
of 48 days. The median value of OTT was 55
days, 43 days and 42 days for CF, AF, AF +
MMC arms, respectively. Seven, 8 and 8 patients
in CF, AF, and AF + MMC, respectively com-
pleted their treatment in the planned OTT (38%
compliance rate). The prolongation of OTT is
against the aim of using AF and this may con-
tribute to the insignificant results of AF vs CF
in our series. On the other hand, Overgaard et
al. [13] reported that the median overall radio-
therapy times were 46 and 39 days for the five
and six fractions per week arms, respectively,
and 96% of patients received the planned total
dose. Similarly, Lee et al. [28] reported that the
median OTT was 46 (range 44-51) days in CF
and 39 (range 37-46) days in the AF (6 fractions
per week), and despite the significantly higher
incidence of grade 3-4 toxicities in AF arm, the
mean number of days in excess of the scheduled
treatment time was 2.2 days in both groups
(p=0.89). There are many causes of OTT pro-
longation in our study. The OTT was prolonged
in 20 patients due to patient non-compliance,
in 33 patients the cause of the prolongation was
due to acute radiation reactions, in 20 patients
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the machines were out of function, and in 16
patients it was due to public holidays. In some
patients there was more than one cause.

The 2-year loco-regional control rate in the
present study was 22%. This figure is lower
than that reported in similar studies [6,8,9,10] as
our study was restricted to stages III & IV, while
the other studies included in addition stage II
and some stage I [13]. As regards the treatment
arm, the loco-regional control rates were 10%,
25%, and 30% for the CF, AF, and AF + MMC
respectively and the difference was statistically
insignificant (p=0.27) which may be explained
by the small number of patients and the low
compliance rate for the overall treatment time.
On the other hand, Overgaard et al. [10] reported
that the 5-year loco-regional control rate was
significantly better in the AF arm (6 fractions
per week) (67%) vs. the CF arm (58%)
(p<0.006). Similarly Skaldowski et al. [9] re-
ported a significant improvement in the 3-year
local control rate in patients treated by 7-day-
continuous accelerated irradiation (CAIR) (82
%) versus patients treated by CF (37%,
p=<0.0001). The results of addition of mitomy-
cin C to radiotherapy in HNC are controversial.
Haffty et al. [18] reported that with addition of
MMC to radiation, the loco-regional control
was improved from 54% to 76% (p<0.002). The
median follow up was 138 months. Similar
results were reported by Dobrowsky and Naude
[19]. On the other hand, Grau et al. [17] found
that CF radiotherapy alone (66-70Gy/33-35
fractions) was associated with 4-year LC rate
of 18% versus 14% with the addition of MMC
to CF. The difference was not statistically sig-
nificant.

The 2-year overall survival rate in our series
was 21%. According to treatment arms, it was
23%, 20%, 28% in the CF, AF, and AF + MMC
arms, respectively. Shortening the OTT from
61/2 weeks to 51/2, the survival did not improve
survival. Similarly Horiot et al. [6] reported that
the AF did not improve the overall survival
(p=0.99). However Overgaard et al. [13] reported
that the accelerated arm yielded a significantly
higher tumor control and a trend towards im-
proved survival (95% confidence interval for
odds ratio ranged from 0.9 to 1.8). This may be
due to inclusion of T1 lesions in this study that
accounted for dilution of the overall benefit of
survival. Skladowski et al. [9] reported that with

AF (CAIR), the overall survival was improved
from 32% to 78% (p=0.0001).

In our series, the addition of MMC to the
AF arm improved the OS from 20% to 28%,
however it did not reach statistical significance.
Similarly Haffty et al. [18] reported that there
was no statistically significant difference in the
overall survival with addition of MMC to radi-
ation (48% in the MMC + RT vs 42% in the RT
alone group). Similar results were reported by
Grau et al. [17]. However, Dobrowsky and Naude
[19] reported that the overall crude survival was
24% after CF, 31% following AF and 41% after
AF + MMC (p=<0.05).

In the present series, performance status
(PS) emerged as a significant prognostic factor
as regards LC and OS (p<0.026 and p<0.005
respectively). Similar results were reported by
many series [6,29], where PS >0 indicated a poor
survival in their patients. However, Dische et
al. [7] found that the PS was not a significant
factor as regards loco-regional control rate
(p<0.419).

In the present series, the median value of
the pre treatment Hb level was 12g/dl. Patients
with pretreatment Hb>12g/dl, had better LC
and OS rates (p<0.05, p<0.04 respectively)
compared to patients with Hb level ≤12g/dl.
The results reported in other Egyptian series
[25,26] did not show significant influence of Hb
level on both the loco-regional control and
survival. Bentzen et al. [11] reported that, in
oropharyngeal tumors, patients with Hb level
in the upper normal range had a significantly
higher tumor control probability. Similarly, Lee
et al. [30] reported that patients with normal Hb
level (>14.5g/dl for men and, >13g/dl for wom-
en) was associated with better survival rate than
anemic patients (35.7% vs. 21.7%). The esti-
mated loco-regional failure rate was 51.6% in
patients with normal Hb level vs. 67.8% in
anemic patients. This was in agreement with
other reported series [27,31].

AF is commonly associated with a high
incidence of acute toxicities [8,9,19,28]. In the
present study, the incidence of grades 3 & 4
mucositis occurred in 70% and 90% of patients
in AF and AF + MMC, relative to 55% in the
CF arm. There was a statistically significant
difference between CF and AF arms (p<0.04).
This is consistent with the result of the DAH-
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ANCA 7 trial [10], where the incidence of acute
mucositis was higher in patients receiving 6
fractions per week (p<0.001). Several reports
showed that MMC did not influence mucosal
reaction and overall duration of mucositis [18,19].
In the present study the incidence of grade 3 &
4 hematological toxicity was 40% in AF + MMC
arm, 10% and 5% in CF and AF arms (p=0.04).
Dobrowsky and Naude [19] reported that grade
3-4 hematological toxicity was seen after MMC
administration in 18% of patients. Similar result
was reported by Haffty et al. [18].

As regards late toxicity, the current study
showed that neither AF nor the addition of
MMC did significantly increase late toxicities.
This was in agreement with other reported series
[10,18,28].

Conclusion:

Conventional fractionation radiotherapy
alone is not sufficient for controlling locally
advanced cancer of the head and neck. This
warranted the use of innovative treatment mod-
ifications such as altered fractionation schedules
and combination with chemotherapy. The short-
ening of overall treatment time by increase of
weekly number of fractions was associated with
improvement in the loco-regional control rate
and further improvement was achieved with the
addition of the Mitomycin C to accelerated
fractionation. However, this improvement was
not statistically significant due to the small
number of the patients in each treatment arm,
low compliance rate for overall treatment time
and the inclusion of different tumor sites. Ac-
cordingly we advise to continue the trial with
inclusion of a larger number of patients and
restrict tumor sites to one major site.
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