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Summary

Detailed evaluation of the most important factors influencing prognosis was one of the objectives of our randomi-
zed study comparing altered fractionation schedules with conventional fractionation in primary definitive radiotherapy
for squamous cell carcinomas of the larynx, oropharynx and hypopharynx. Conventional fractionation (66 to 70 Gy, 2 Gy
per fraction, 5 fractions per week) was performed in 51 of 152 (33.5%) patients, hyperfractionation (74.4 to 79.2 Gy, two
fractions of 1.2 Gy per day, 10 fractions per week) in 50 (33.0%) patients, and accelerated fractionation (54 Gy, 1.8 Gy dose
per fraction, 5 fractions per week in the basic course and concomitant boost with 1.5 Gy per fraction as a second daily
fraction during the last 10 to 12 days) was used in 51 (33.5%) patients. The univariate analysis of six clinical prognostic
factors and one histological prognostic factor allowed us to identify the age, Karnofsky index, tumor size (T stage), nodal
involvement (N stage), tumor site, and degree of histological differentiation as strongly associated with prognosis. A
multivariate analysis was carried out and the size of the tumor (T stage) and the nodal involvement (N stage) were found
as two independent variables significantly influencing locoregional control (p < 0.0008; �2 = 11.26 and p < 0.00001;
�2 = 19.58, respectively). T stage and N stage were also found to be the significant independent prognostic factors for sur-
vival (p < 0.0007; �2 = 11.53 and p < 0.00001; �2 = 33.26, respectively).
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RE@IMI ALTERIRANOG FRAKCIONIRANJA
U PRIMARNOJ RADIOTERAPIJI KOD PLANOCELULARNOG KARCINOMA LARINKSA,

OROFARINKSA I HIPOFARINKSA - ANALIZA PROGNOSTI^KIH FAKTORA
LOKOREGIONALNE KONTROLE I PRE@IVLJAVANJA

Sa`etak

Detaljna procjena najva`nijih faktora koji utje~u na prognozu bolesti bio je jedan od ciljeva na{e randomizirane
studije u kojoj smo uspore|ivali shemu alteriranog frakcioniranja s konvencionalnim frakcioniranjem u primarnoj defini-
tivnoj radioterapiji kod planocelularnih karcinoma larinksa, orofarinksa i hipofarinksa. Konvencionalno frakcioniranje
(66 do 70 Gy, 2 Gy u frakciji, 5 frakcija tjedno) provedeno je u 51 od 152 (33,5%) pacijenata, hiperfrakcioniranje (74,4 do
79,2 Gy, dvije frakcije od 1,2 Gy na dan, 10 frakcija tjedno) u 50 (33,0%) pacijenata, i akcelerirano frakcioniranje (54 Gy, 1,8
Gy u frakciji, 5 frakcija tjedno u bazi~nom kursu i konkomitantni boost sa 1,5 Gy u frakciji kao druga dnevna frakcija tije-
kom posljednjih 10 do 12 dana) primijenjeno je u 51 (33,5%) pacijenata. Univarijantnom analizom {est klini~kih progno-
sti~kih faktora i jednog histolo{kog utvrdili smo da su dob, Karnofsky indeks, veli~ina tumora (stadij T), nodalna zah-
va}enost (stadij N), sijelo i stupanj histolo{ke diferencijacije tumora ~vrsto povezani s prognozom. Multivarijantnom ana-
lizom utvr|eno je da su veli~ina (stadij T) i nodalna zahva}enost (stadij N) tumora nezavisne varijable koje znatno utje~u
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na lokoregionalnu kontrolu (p<0,0008; 2 = 11,26, odnosno p<0,00001; 2 = 19,58). Stadij T i stadij N tako|er su potvr|eni i
kao znakoviti prognosti~ki faktori s obzirom na pre`ivljenje pacijenata (p<0,0007; 2 = 11,53, odnosno p<0,00001;
2 = 33,26).

KLJU^NE RIJE^I: alterirano frakcioniranje, prognosti~ki faktor, karcinom glave i vrata

INTRODUCTION

Patients with early stages of squamous cell
carcinoma of the larynx, oropharynx and hy-
popharynx can be treated with surgery or radio-
therapy resulting in equal probability for tumor
control (1, 2). Locally advanced squamous cell
carcinomas of the head and neck are mainly
treated with combination of radical surgery and
postoperative radiotherapy, although during the
last decade, concurrent radiation chemotherapy
as a complex treatment strategy appears to be a
significant part of organ preservation program in
the head and neck region which also results in in-
creasing of 5-year survival rates (3, 4).

The most common treatment failure used to
be local and/or locoregional recurrence, stress-
ing the role of the locoregional control in achieve-
ment of satisfactory patients’ survival. The im-
provement of the outcome of patients with lo-
cally advanced head and neck carcinomas by ra-
tional modification of radiation fractionation reg-
imens has been the subject of intensive clinical in-
vestigations for more than three decades (5). The
two prototypes of altered radiation fractionation
regimens are hyperfractionation and accelerated
fractionation. Hyperfractionation is based on
preferential sparing of late-responding tissues
when the radiation dose per fraction is reduced
(6). Hyperfractionation allows an escalation of
total dose thereby increasing the tumor control
rate without increasing the risk of late complica-
tions. Accelerated fractionation regimens, which
emerged through the recognition that tumor clo-
nogen proliferation occurring during radiother-
apy has a detrimental effect on the outcome, are
characterized by shortening of the overall treat-
ment time compared with conventional 6 or 7
weeks. Results of large randomized trials ad-
dressing the optimization of radiation fraction-
ation show that a number of altered fractionation
schedules improve the locoregional control rate
but have only modest impact on the overall sur-

vival (7, 8). The use of more toxic simultaneous
radiochemotherapy protocols and altered frac-
tionated irradiation, as well as the possibility of
dose escalation by means of intensity-modulated
radiotherapy, enhances the role of the prognostic
factors in squamous cell carcinoma of the head
and neck (9). These factors could provide identi-
fication of high-risk patients, thus enabling better
tailoring of therapeutic approach in accordance
to the prognosis.

Although the primary aim of our study was
to investigate the value of two altered fraction-
ation treatment schedules (hyperfractionation
and accelerated fractionation using concomitant
boost) in comparison with conventional fraction-
ation, the results showed that no improvement
was obtained in locoregional control or in sur-
vival. The second but not less important aim of
the study was to analyze all the factors possibly
influencing the prognosis using the information
about patient and tumor characteristics from the
created database. By identification of such prog-
nostic factors a more rigorous evaluation of the
impact of new treatment strategies in this pa-
tient’s population would become possible. This
could provide selection of patients with unfavor-
able prognoses for a more aggressive treatment
approach and to avoid overtreatment in those
with good prognoses.

MATERIAL AND METHODS

From March 1999 to June 2004, 152 previ-
ously untreated patients with squamous cell car-
cinoma of the larynx, oropharynx or hypo-
pharynx were included in a retrospective-pro-
spective study conducted in the Institute of Ra-
diotherapy and Oncology in Skopje. The retro-
spective part of the study encompassed 51
(33.5%) patients treated from March 1999 until
December 2000 using conventionally fraction-
ated radiotherapy. The treatment schedule was
66 to 70 Gy in 6 to 7 weeks (one fraction of 2 Gy
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per day, 5 fractions per week). The remaining 101
(66.5%) patients, treated from January 2001 until
June 2004, were included in the prospective part
of the study and were randomized between two
treatment arms (hyperfactionation and acceler-
ated fractionation). Hyperfractionation was per-
formed in 50 (33.0%) patients. The treatment
schedule was 74.4 to 79.2 Gy in 6 to 7 weeks (two
fractions of 1.2 Gy per day, 10 fractions per week
with interfraction interval of at least 6 hr). Accel-
erated fractionation using concomitant boost was
done in 51 (33.5%) patients. The treatment sched-
ule can be summarized as follows: the dose of the
basic course, including all sites of disease and
electively irradiated areas, was 54 Gy in 6 weeks
(daily fraction of 1.8 Gy, 5 fractions per week).
The boost, encompassing gross disease only, was
given as a second daily fraction of 1.5 Gy during
the last 10 to 12 days of the basic course. Total
doses ranged from 69 to 72 Gy. The interval be-
tween the two daily fractions was 6 hr or more.
The relative importance of a number of prognos-
tic factors and of different treatment arms was in-
vestigated. The analyzed clinical prognostic fac-
tors related to patient were: sex, age and perfor-
mance status (Karnofsky index). The analyzed
clinical prognostic factors related to tumor were:
tumor size (T stage), nodal involvement (N stage)
and topography of the primary lesion. The de-
gree of histopathological differentiation was ana-
lyzed as a histological factor. First, all variables
were evaluated by univariate analysis to assess
their effect on locoregional control and overall
survival. Locoregional control and overall sur-
vival have been estimated as a function of time
by the Kaplan-Meyer method. The significance of
the relation of certain factors with locoregional
control and overall survival was tested by the
log-rank test (10) and p index. The statistical sig-
nificance was considered when p value was less
than 0.05. The Cox regression model was used to
reveal the significance and independence of each
prognostic factor (11).

RESULTS

Univariate analysis

Significant factors influencing locoregional
control and survival rates were: age, Karnofsky

index, tumor size (T stage), nodal involvement
(N stage), topography of the primary lesion, and
degree of histological differentiation (Table 1 and
Table 2).
Age. Patients at the age of 40 years or less had the
worst prognosis related to survival (p<0.05); the
patients at the age of 41 to 70 years had also
worse prognosis compared to the group of pa-
tients at the age above 70 years (p<0.05). The age
was not found to be a statistically significant
factor with regard to prognosis of locoregional
control.
Karnofsky index. The Karnofsky index of 60-70%
had a highly unfavorable influence on loco-
regional control (p<0.00001), and also survival
(p<0.00001) rates.
Tumor size (T stage). Tumor stage was a statisti-
cally significant factor with regard to prognosis
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Table 1.

UNIVARIATE ANALYSIS FOR LOCOREGIONAL CONTROL

Subgroups Cases

Locoregional control

rates (CI 95%) p-value

1 year 2 years

Sex

male

female

137

15

54.2% ± 8.34

67.2% ± 23.76

41.1% ± 8.24

50.6% ± 25.30
ns

Age (years)

� 40

41-70

>70

6

128

18

33.1% ± 27.65

53.2% ± 8.64

83.1% ± 17.31

16.7% ± 19.84

39.4% ± 8.46

76.5% ± 19.58

ns

Karnofsky

index (%)

60-70

80-100

27

125

10.8% ± 11.71

65.3% ± 8.34

0%

51.5% ± 8.76
< 0.00001

T stage

T1

T2

T3

T4

5

30

78

39

100% ± 0

97.6% ± 5.48

59.9% ± 10.88

10.4% ± 9.58

100% ± 0

93.7% ± 8.69

40.0% ± 10.88

0%

<0.000001

N stage

N0

N1

N2

N3

71

21

40

20

81.1% ± 9.10

90.0% ± 12.83

26.6% ± 13.69

0%

66.3% ± 10.99

68.1% ± 19.93

7.7% ± 8.26

0%

< 0.00001

Tumor site

larynx

oropharynx

hypopharynx

84

49

19

69.1% ± 9.88

37.5% ± 13.55

40.2% ± 22.05

57.5% ± 10.57

21.5% ± 11.50

28.8% ± 20.36

< 0.01

Differentia-

tion

good

moderate

poor

29

62

27

86.2% ± 12.55

68.6% ± 11.55

11.2% ± 11.89

71.1% ± 16.50

51.4% ± 12.44

7.6% ± 9.99

< 0.001



of locoregional control (p<0.000001, Fig. 1) and
survival (p<0.000001). The most negative influ-
ence on locoregional control and survival rates
had advanced primary lesions (T4). T3 tumors
had also demonstrated worse prognosis in com-
parison with locoregional control and survival
rates of T1 and T2 primaries.
Nodal involvement (N stage). Nodal involvement
was also a statistically significant factor influenc-
ing the prognosis of locoregional control and sur-
vival (p<0.00001 and p<0.0001). Locoregional
control and survival were significantly worse in

patients with advanced neck disease (N2 and N3)
compared either to patients with clinically nega-
tive neck (N0) or to patients having a single meta-
static lymph node of less than 3 cm in diameter
(N1).
Tumor site. There were significant differences
seen in locoregional control and survival rates
between the tumors of different origin. Loco-
regional control and survival were significantly
worse for patients with oropharyngeal and hypo-
pharyngeal tumors compared to laryngeal tu-
mors (p<0.01 and p<0.001).
Histology. Low-differentiated tumors had signifi-
cantly worse prognosis, both in terms of loco-
regional control and survival (p<0.001 and
p<0.00001).
Treatment. Between the three therapeutic arms
there was no difference observed, either in terms
of locoregional control or in terms of survival.

Multivariate analysis

The significant independent prognostic fac-
tors determining locoregional control were the
size of the primary tumor (T stage) (p<0.0008; �2

= 11.26) and the nodal involvement (N stage)
(p<0.00001; �2 = 19.58). The significant independ-
ent prognostic factors for survival were also T
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Table 2.

UNIVARIATE ANALYSIS FOR SURVIVAL

Subgroups Cases

Survival rates

(CI 95%) p-value

1 year 2 years

Sex

male

female

137

15

78.9% ± 6.83

80.3% ± 20.13

49.7% ± 8.37

40.2% ± 24.81
ns

Age (years)

� 40

41-70

>70

6

128

18

82.5% ± 20.4

75.2% ± 7.48

100% ± 0

17.3% ± 20.27

47.5% ± 8.65

75.4% ± 19.90

< 0.05

Karnofsky

index (%)

60-70

80-100

27

125

33.7% ± 17.83

89.1% ± 5.46

9.3% ± 10.95

57.6% ± 8.66
< 0.00001

T stage

T1

T2

T3

T4

5

30

78

39

100% ± 0

100% ± 0

86.7% ± 7.53

40.2% ± 15.38

100% ± 0

94.7% ± 8.02

50.6% ± 11.09

3.9% ± 6.08

<0.000001

N stage

N0

N1

N2

N3

71

21

40

20

100% ± 0

97.5% ± 6.67

70.4% ± 14.15

4.5% ± 9.08

86.7% ± 7.90

70.5% ± 19.50

13.4% ± 10.56

0%

< 0.0001

Tumor site

larynx

oropharynx

hypopharynx

84

49

19

91.2% ± 6.05

82.6% ± 10.61

53.6% ± 22.42

63.8% ± 10.28

35.7% ± 13.41

27.8% ± 20.14

< 0.001

Differentia-

tion

good

moderate

poor

29

62

27

100% ± 0

94.7% ± 5.57

40.2% ± 18.49

77.4% ± 15.22

60.6% ± 12.16

4.1% ± 7.48

< 0.00001

Table 3.

COX REGRESSION ANALYSIS: INDEPENDENT FACTORS INFLUENCING LOCOREGIONAL CONTROL AND SURVIVAL

Factor Locoregional control Survival

�
2 Regression coefficient (�) p-value �

2 Regression coefficient (�) p-value

T stage 11.26 0.5910 < 0.0008 11.53 0.4988 < 0.0007

N stage 19.58 0.4983 < 0.00001 33.26 0.5977 < 0.00001

Figure 1. Influence of tumor stage on locoregional control



stage (p<0.0007; �2 = 11.53) and nodal involve-
ment (N stage) (p<0.00001; �2 = 33.26) (Table 3).

DISCUSSION

The carcinoma of the larynx, oropharynx
and hypopharynx seems to be predominantly a
locoregional disease. Hyperfractionation as an
altered fractionation regimen provides improved
locoregional control by increasing the total tu-
mor dose, whereas accelerated fractionation is
expected to obtain increased level of tumor con-
trol probability by counteracting the accelerated
tumor clonogen proliferation during irradiation
using shortened overall treatment time (12, 13).
In this study, there were no differences observed
between conventionally fractionated radiother-
apy and two variants of altered fractionation irra-
diation.

The multivariate analysis in this study re-
vealed tumor size (T stage) and nodal involve-
ment (N stage) being significant independent
prognostic factors for locoregional control and
survival. From the radiobiological point of view,
this is a quite obviously expected finding. The
probability for tumor eradication, i.e. the proba-
bility of achieving complete primary response is
inversely related to the number of clonogen tu-
mor cells which increases proportionally with
the size of the tumor (14, 15). The advanced
stages of laryngeal, oropharyngeal and hypo-
pharyngeal carcinomas are determined by the
large size of the primary tumor (T4) and/or ad-
vanced neck disease (N2 and N3). In this cate-
gory of patients, the low locoregional control
rates are strongly correlated with the reduced
possibility for achieving the complete tumor re-
sponse by radiotherapy. Also, the poor survival
rates in these patients are not related only to the
unfavorable locoregional control. The presence
of the persistent tumor above the clavicles in-
creases the risk of distant metastases which also
negatively influence the prognosis (16).

The prognostic significance of the tumor
size and the nodal invasion in terms of both lo-
coregional control and survival has been re-
ported by many other authors (17-21). The great
significance of the tumor size and the nodal in-
volvement presented as classic clinical prognos-
tic factors is emphasized by Bourhis et al. (22).

The investigated kinetic parameters of the tumor
by these authors did not show any significant im-
pact on prognosis instead of the tumor stage and
the neck nodal metastases which strongly corre-
lated with both locoregional control and survi-
val. Wendt and Bank (9) also emphasize that in
the current clinical practice, T stage and N stage
are the most significant prognostic factors in-
volved in the decision for the modality of treat-
ment in patients with squamous cell carcinoma
of the head and neck, considering that recently
detected biologic factors need extensive clinical
testing in prospective trials.

CONCLUSION

In this study, the size of the tumor and the
nodal involvement are confirmed to be progno-
stically highly significant parameters in patients
with squamous cell carcinoma of the larynx, oro-
pharynx and hypopharynx. Considering the un-
favorable T stage and N stage as the major indica-
tors for unfavorable prognosis and in order to
improve the outcome of these patients with ad-
vanced disease, we recommend their inclusion
into clinical trials investigating the combination
of altered fractionation regimens and chemother-
apy. We hope that the use of this aggressive treat-
ment may have a potential to improve the out-
come of these patients either by increasing the
locoregional control of the disease or by decreas-
ing the incidence of distant metastases both pos-
sibly leading to an improvement of the overall
survival rates.
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