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The prognostic importance of various pretherapeutic and therapeutic factors was analysed in a group of 413 cervical cancer patients with
stage IIB (183 pts) and IIIB (230 pts) treated with radical radiotherapy, which consisted of external irradiation and intracavitary
brachytherapy. Univariate analysis of pretherapeutic factors revealed the prognostic significance of patient age, history of abortion, stage,
haemoglobin and hematocrit levels. Five-year overall survival rate in stage IIB patients was 51%, in stage IIIB 40% and the respective
rates for local control at each stage were 61%, and 46%. Univariate analysis of therapeutic factors showed that survival and local control
rates increased with the dose, but a significant difference was found only in the case of a paracentral (point A) dose. In a multivariate
analysis only patient age, abortions, and clinical stage appeared to have a significant and independent impact on survival. Linear
regression analysis results indicated that prolongation of treatment time between 33 and 108 days caused a loss of local control of 0.36%
per day.

Recei6ed 18 February 1998
Accepted 28 September 1998

ORIGINAL ARTICLE

Cancer of the uterine cervix is the second most common
neoplasm in female patients in Poland. In 1993, 3903
new cases were registered and 2028 women died of this
disease, which gives an incidence of 19.8/100000 and
mortality of 10.3/100000 (1). Unfortunately, as many as
40% of patients are diagnosed with advanced disease (1–
3).

Radiotherapy is the treatment of choice in patients
with advanced cancer of the uterine cervix and routinely
consists of a combination of external irradiation and in-
tracavitary brachytherapy (4–10). The optimal combina-
tion of these methods has not been clearly defined.

Identification of patients with a high risk of recurrence
as well as the radiotherapy parameters influencing out-
come is important in the development of better treat-
ment strategies.

The aim of our study was to analyse the prognostic
importance of various pretreatment and treatment fac-
tors in patients with advanced cancer of the uterine
cervix treated with radical radiotherapy.

MATERIAL AND METHODS

Between January 1970 and December 1980, 413 patients
with cancer of the uterine cervix, stages IIB and IIIB
according to FIGO classification, were treated at the Cen-
tre of Oncology in Cracow.

The mean age of the patients was 53.1 years (range
25–76 years), and the mean duration of symptoms was 7.5
months with a range of from 1 to 72 months. Most (62%)
of the patients were postmenopausal and 38% were still
menstruating.

Squamous cell cancer was diagnosed in 93% of patients,
undifferentiated cancer was found in 5%, and adenocar-
cinoma in 2%.

Treatment techniques

All patients were treated with teleradiotherapy (TRT) and
brachytherapy (BRT). In 95% of patients TRT was given
first; in 5% treatment was started with BRT.

TRT techniques. Two opposing beams were used in 48%
of patients, mainly between 1970 and 1975. Tumour dose
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Table 1

Doses at points A (paracentral doses) and points B (parametrial doses)

Doses at points B (Gy)Doses at points A (Gy) No. patients No. patients

B50B40 112
2850–B553540–B60

124 55–B60 15960–B80
5960–B658480–B100

134100–B120 159 65–B70
21\120 9 70–B75

]75 1

calculated on the central axis at the mid-distance between
fields was 40 Gy in 20 fractions over 4 weeks. Central
shielding was used in the majority (93.5%) of patients. In
19.4% shielding was applied from the beginning of TRT;
in 74.1% it was introduced after the dose of 20 Gy and in
the remaining 6.5% of patients shielding was not used.

During the second half of the study (after 1975), 235
patients (52%) were irradiated with four beams: anterior–
posterior and two lateral; the so-called ‘box’ technique.
The tumour dose of 50.4 Gy in 24 fractions over 5 weeks
was applied without shielding. TRT was performed with
60Co equipment in 93% of patients, and the remaining 7%
were treated with 18 MeV photons from a Betatron.
External irradiation was completed according to schedule
in 83% of patients; 17% did not receive a full dose because
of excessive acute reactions, concurrent disease, patient
refusal, and machine break-downs.

BRT techniques. BRT was performed according to a
modified Paris technique and consisted of a single applica-
tion of an intrauterine tube and fornix ovoids containing
radioactive sources of 226Ra (92% of pts) or 137Cs (8% of
patients).

The dose rates at points A (as defined in the Manchester
system) and the rectum were calculated using our own
computer program described by Szymczyk et al. (11). The
calculations were based on the radiographs of the sources
taken at two projections.

Between 1970 and 1975 a fixed time of BRT equal to
120 h was applied irrespective of the calculated dose rate,
which resulted in doses of 44 Gy to 81 Gy to points A.
Later, this approach was changed and BRT time was
calculated according to individual dose rate in order to
deliver to point A the dose biologically equivalent to 60
Gy in 168 h (100 TDF) using the TDF formula proposed
by Elis & Sorensen (12) and Orton (13). BRT was com-
pleted according to the planned schedule in 94% of pa-
tients. In 6% it had to be terminated earlier because of
acute pelvic symptoms or intercurrent medical conditions.

The total dose from TRT and BRT was calculated by
analysis of individual treatment plans. This is defined as
the sum of the physical doses delivered during external and
intracavitary irradiation. Two doses were calculated:

1. The paracentral dose (point A) is the sum of the BRT
dose at point A plus the TRT dose allowing for central
shielding. The range of the paracentral dose was 44 to
131 Gy (mean 88.3 Gy). These large variations in total
paracentral dose resulted from the already described
change in treatment policies and techniques from the
TRT alone paracentral dose varying from 0 (central
shielding) for the whole TRT to 50 Gy (box technique).
The variation in doses from BRT was also considerable
because of large differences in dose rates at point A in
individual patients and the described methods of
choosing the intracavitary treatment time.

2. Peripheral dose (parametrial dose) is the sum of 30% of
BRT dose to point A, plus the dose delivered by TRT.
Mean peripheral dose amounted to 61.3 Gy ranging
from 38 to 78.4 Gy. The distributions of the values of
paracentral and peripheral dose are illustrated in Table
1.

The overall treatment time was defined as the sum of the
duration of TRT, BRT, and all planned and unplanned
pauses in the therapy course. Distribution of treatment
duration is shown in Fig. 1. Mean treatment time was 64
days with a very wide range from 29 to 215 days. How-
ever, 75% of patients completed their treatment within 77
days.

Statistical analysis

The main endpoints in the assessment of treatment results
were the 5-year rates of overall survival and local control.
These rates were analysed in relation to pretreatment

Fig. 1. Time of treatment.
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Table 2

Uni6ariate analysis of pretherapeutic factors: 413 patients, IIB and IIIB

5-years local control5-years survivalNo. ptsPrognostic factor Category

%% p p

36Age B45 80 27
4745–49 77 43
6250–54 74 42
6155–59 66 56
6360–64 53 58

0.00590.0088\64 5363 49

46Duration of symptoms (months) 1–5 231 44
546–12 154 54
60\12 28 62 N.S. N.S.

45Menarche B14 87 44
5214–16 168 53
51\16 158 49 N.S. N.S.

44Still menstruating 160 43
N.S.54Last menstruation N.S.550 163 52

56\50 90 55

58Parity Nullipare 17 57
481–3 224 47

N.S. 52 N.S.\3 172 51

51Miscarriages No 327 50
50Yes 86 48 N.S. N.S.

57Abortions No 311 48
0.00270.0063Yes 47102 34

50Histology Squamous cell 400 49
N.S.N.S.Other 5313 52

61Stage IIB 183 51
46IIIB 230 40 0.0053 0.0009

46Hb level (mmol/l) B10 72 34
5010–12 184 43

0.03450.0148\12 59157 51

47Ht level /1/1/ B36.6 141 38
5236.6–40.1 130 43

0.0075 0.0094\40.1 59142 52

55No. of white blood count 54 000 29 54
\4 000–10 000 334 50 51

N.S. 45\10 000 N.S.50 43

N.S.=non-significant.

variables and treatment factors. Pretreatment variables
included: age, duration of symptoms, reproductive history
details (age of menarche, menopausal status, number of
deliveries, natural miscarriages and abortions), clinical
stage, histology, levels of haemoglobin (Hb), hematocrit
(Ht) and leukocyte numbers. Treatment parameters under
consideration included: paracentral dose, peripheral dose
and overall treatment time.

In the univariate analysis, the rates of 5-year overall and
local relapse-free (local control) survival were estimated
using the Kaplan–Meier method and the differences be-
tween rates were assessed with a logrank test. Subse-

quently, the multivariate analysis was performed with the
Cox model (14). In addition, a linear regression analysis
was carried out to assess the impact of overall treatment
time on the probability of local control.

RESULTS

During the follow-up period 272 patients died: 232 of
cervical cancer and 40 of other causes. Twenty-two pa-
tients were lost to follow-up after 9–89 months. Patients
who were disease-free at the last examination and patients
who died of non-cancer causes were considered as
censored.
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Uni6ariate analyses of pretherapeutic and therapeutic
factors

A univariate analysis of pretherapeutic factors is presented
in Table 2.

Data from Table 1 show that the following factors had
a deleterious effect on survival and local control: age
(young vs. older patients), stage (IIIB vs. IIB), history of
abortions (yes vs. no), Ht and Hb levels (low vs. normal).

Table 3 presents the univariate analysis of therapeutic
factors, i.e.: paracentral dose, peripheral dose and overall
treatment time. In this analysis, stage of disease is also
taken into account.

Data from Table 3 show that survival and local control
rates in general increased with the dose but a significant
difference was found only in the case of paracentral dose
for the whole group and for stage IIB patients. There was
a tendency toward decreased local control rate with longer
treatment time in stage IIIB patients, but this was not
significant.

Multi6ariate analysis of pretherapeutic and therapeutic
factors

The results of multivariate analysis of pretherapeutic and
therapeutic factors according to the Cox model are pre-
sented in Table 4.

In multivariate analysis, only patients’ ages, abortions,
and clinical stage appeared to have a significant and
independent impact on survival and local control.

Results of linear regression analysis of impact of o6erall
treatment time on LRFS

This additional analysis was performed by dividing treat-
ment time into narrow intervals. We felt that results
obtained in patients treated either over a very short (less
than 33 days) or a very long (over 108 days) time may be
unreliable because these patients did not receive complete
treatment or had unusually long intervals between TRT
and BRT. After exclusion of these subgroups, the remain-

Table 3

Influence of doses and o6erall treatment time on sur6i6al and local control—413 patients IIB and IIIB

Prognostic factor Category No. pts 5-year survival 5-year local control
(doses=Gy
time=days) % p % p

4557 400 94 36Doses at points A
55 0.0203IIB+IIIB \7 400 319 47 0.0167

Doses at points B 55 700 158 43 53
IIB+IIIB \5 700–6 500 99 44 44

N.S.55N.S.46156]6 500

Doses at points A 57 400 40 39 45
65 0.0005\7 400 143 55IIB 0.0169

Doses at points B 55 700 77 47 59
IIB \5 700–6 500 48 48 54

]6 500 58 56 N.S. 69 N.S.

Doses at points A 57 400 54 34 45
47IIIB \7 400 176 42 N.S. N.S.

Doses at points B 55 700 81 39 48
43\5 700–B6 500 51 40IIIB

]6 500 98 41 N.S. 46 N.S.

Time of treatment 535 91 43 55
56\35–B65IIB+IIIB 100 47

]65–B75 101 46 51
43]75 121 N.S. N.S.49

65Time of treatment 4947535
595344\35–B65IIB

]65–B75 45 50 59
N.S.]75 47 51 N.S. 61

453744535Time of treatment
55\35–B65 56IIIB 42

]65–B75 454356
N.S.42N.S.3974]75

N.S.=non-significant.
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Table 4

Multi6ariate analysis (Cox model) of prognostic factors for o6erall and local control relapse-free sur6i6als
in the group of 413 patients with ad6anced cancer of the uterine cer6ix

Overall survivalPrognostic factor Category Local control

p pRRRR

1.00Age 145 1.00
0.01580.0034 1.54B45 1.63

1.00Abortion No 1.00
1.44Yes 1.31 0.0856 0.0438

1.00Stage IIB 1.00
0.0251 1.50IIIB 0.01241.38

ing 365 patients were divided into 16 time interval
groups—each comprising 19 to 27 patients. Mean and
median treatment times for each interval were calculated
as well as a probability of local control. These values were
subsequently used for linear regression analysis, the results
of which are presented in Fig. 2. Data from the figure
showed that prolongation of treatment for between 33 and
108 days causes a small but significant loss of local control
of 0.36% per day.

DISCUSSION

Pretherapeutic factors

The main cause of treatment failure in patients with ad-
vanced cancer of the uterine cervix is the inability to
control local disease within the cervix and parametria.
Distant metastases are of relatively minor importance par-
ticularly because their incidence appears to be strongly
correlated with uncontrolled disease in the pelvis (15, 16).

Treatment results obtained in our group of patients with
advanced cancer of the uterine cervix are similar to those
published in the literature. According to the Annual Re-
port on Results of Treatment in Gynaecological Cancer
(17), which included data from many centres during the
period 1976–1978, the 5-year overall survival rate in stage
II patients was 60% and in stage III patients between 20
and 35%. Yonessi (10) summarized the published data on
the results of radiotherapy of advanced cervical cancer and
defined the efficacy of this method at the level of 56%
5-year survival in stage IIB and 37% in IIIB patients.
Higher survival rates (76% for IIB and 50% for IIIB) were
obtained in a large group of patients treated in nine
French centres, as reported by Horiot et al. (4). In Table 5
our results are presented in comparison with data from
several large series.

In our analysis of pretherapeutic prognostic factors,
only age, clinical stage and history of abortion appeared to
be significant in the multivariate analysis; in addition, Ht
and Hb levels were found significant in the univariate
analysis. Young age was found to be associated with poor
prognosis in many other reports, although in most publi-

cations the correlation was not so strongly significant and
the cut-off values were different, e.g. 35, 40, 50 years
(18–22). In general, age is not considered to be the only
factor influencing therapeutic decisions.

We found that clinical stage IIB vs. IIIB was of prog-
nostic significance, which is in agreement with numerous
reports from the literature (2–4, 6, 7, 9, 16, 21). FIGO
classification, although simple and widely accepted, has
also been criticized because it does not take into account
the tumour volume and the exact anatomical extension of
the disease within the vagina, uterine body, parametria
and pelvic nodes (4, 16–19, 23, 24). Our observations
(results not presented here) indicate that within the same
FIGO stage, prognosis may be different in relation to the
extent and bulk of disease, e.g. unilateral vs. bilateral
parametrial involvement, fixation of the uterus, etc.

The Hb level was found to be of prognostic significance
in our univariate analysis, but not confirmed by multivari-
ate Cox analysis. Low value of pretreatment Ht or Hb was
correlated with poor prognosis in many other studies
(25–27). Dische (26) summarized the results of 16 retro-
spective studies in which the influence of anaemia on the
results of radiotherapy in patients with cervical cancer was
assessed. Most of these studies confirmed, although to
varying degrees, the correlation between low Hb levels and
decreased local control or survival.

Fig. 2. Result of analysis of the influence of total radiotherapy
time on local control in 365 stage IIB+IIIB patients with total
treatment times of 33 to 108 days.
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Table 5

Results of treatment of ad6anced cer6ical cancer

Author (ref.) Stage No. pts % 5-year survival % of 5-year pelvic relapse

Hunter (5) III 296 39.5 43.0

10.0Horiot (4) 76.0314IIB
IIIA 266 62.0 15.0
IIIB 216 50.0 28.0

Lanciano (6) II 291 65.0 (4-year) 20.0 (4-year)
III 131 48.0 (4-year) 47.0 (4-year)

Perez (44) IIB 352 72.0 23.0
III 293 47.052.0

51.0183IIB 39.0Karolewski (this study)
IIIB 230 40.0 54.0

A common explanation for this observation is the ra-
dioresistance of cancer cells due to hypoxia. Höckel et al.
(28) reported a prognostic significance of the frequency of
low pO2 value and of the median pO2 in cancer of the
uterine cervix. The results of a randomized trial conducted
by Bush et al. (25) demonstrated that blood transfusion
may improve the results of radiotherapy in patients with
low Hb before treatment. On the other hand, the degree of
anaemia could correlate with a more advanced stage due
to more intensive bleeding. A poorer prognosis was also
observed in a patient who required blood transfusion
during radiotherapy (27). Usually bleeding is diminished
or stopped within 1 or 2 weeks from the beginning of
irradiation. It is hypothesized that in patients who con-
tinue to bleed during treatment, the tumour does not
regress, because of its radioresistance or rapid prolifera-
tion. It is therefore possible that different mechanisms
contribute to a poorer prognosis in patients with low Hb
levels: radioresistance as a result of hypoxia in anaemic
patients, but also anaemia, may be more frequent in
patients with more advanced, aggressive or inherently ra-
dioresistant cancer.

A history of abortion appeared to be an independent
prognostic indicator in our analysis. In the literature we
did not find any relevant publications on this subject.
Furthermore, other parameters of reproductive history

such as number of pregnancies and deliveries are rarely
analysed.

Pedersen et al. (29) have recently reported decreased
local control with increasing number of pregnancies. They
sought to explain this finding as being due to formation (in
parous patients) of cervical and uterine adhesions and
scars which could lead to hypoxia and consequently to
decreased local control.

Our observation of lower local control and survival in
patients with a history of abortions is difficult to interpret
and certainly needs confirmation in other studies. One
might speculate that patients with a history of abortions
are likely to have a more intensive sexual life, possibly with
many partners, which could be connected with a higher
frequency of HPV infection. This infection was found to
correlate with poor prognosis in patients with cervical
cancer (30).

Therapeutic factors

Schedules of radiotherapy used in various centres show
considerable variations in techniques, dose specifications,
treatment time, and so on. Assessment of the influence of
total tumour dose on treatment results is difficult because
of the combination of external and intracavitary irradia-
tion. Dose distribution from brachytherapy is inevitably
inhomogeneous, with a rapid fall in both dose and dose

Table 6

Loss of pel6ic control in % per day of prolonged treatment in cancer of uterine cer6ix

All stagesFirst author (ref.) No. pts Stage II Stage III

0.8%Fyles (37) 830 1–1.2%0.5%
0.1–0.5%0.8%N.S.Lanciano (30) 837

1–1.6%Girinsky (38) 386
0.7%0.6%0.3%Peterait (41) 209

0.45%Perez (40) 1 224 0.85%0.68% (IIB)
Karolewski (this study) 339 0.36% (IIB+IIIB)

N.S.=non-significant.
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rate. Radiobiological mechanisms of action of fractionated
and continuous irradiation are different. Therefore the
simple addition of physical doses from tele- and
brachytherapy at selected points is probably not appropri-
ate; nevertheless this approach is commonly used in the
literature and is in agreement with the ICRU 38 Report
recommendations.

We found an improvement in local control and survival
rates with higher paracentral and lateral doses, but the
difference was significant only in the case of paracentral
dose, particularly in patients with stage IIB disease. One
should stress that in our group of patients stage did not
influence the technique and dose, which is in contrast to
some other series in which treatment volume and dose
were modified in relation to stage: for example, elective
irradiation of para-aortic nodes or parametrial boost. The
influence of the total physical dose on results was confi-
rmed in several publications. Perez et al. (9) reported
higher local control in patients who received above 90 Gy
to point A in comparison with those treated with lower
doses. Furthermore, lateral dose above 45 Gy in stage IIB
and above 60 Gy in stage IIIB resulted in approximately
10% higher control rates than lower doses. Similarly, a
pattern on care study (31), which includes results from
many US centres, reports that the relationship between
dose and local control was found at least in some sub-
groups of patients.

In recent years, many reports on primarily radiotherapy
of head and neck cancer have demonstrated a correlation
between prolonged treatment time and decreased local
control and survival (32–36). The commonly accepted
explanation of this relationship is repopulation of tumour
cells during radiotherapy.

In the case of cancer of the uterine cervix, this correla-
tion has also been observed (29, 30, 37–44). Mendenhall et
al. (40) found that in bulky IIB cervical cancer, local
control rate was significantly decreased in patients with a
treatment duration of longer than 60 days (50% vs. 79%).
Recently, Pedersen et al. (29) reported lower local control
and survival in patients treated with split-course irradia-
tion (overall time 10–12 weeks) in comparison with those
who received continuous treatment (4–6 weeks).

So far, more detailed analyses of this relationship in-
clude five reports in which the deleterious effect of treat-
ment prolongation was calculated in terms of loss of pelvic
control or survival per day of this prolongation. These
data, with the addition of our own, are presented in Table
6. In all these studies some decrease in control rate per day
was found. These figures are lower than those published
for head and neck cancer perhaps because in patients with
cervical cancer higher total doses are applied from a
combination of tele- and brachytherapy.

In their recent editorial Eifel & Thames (37) concluded
that these retrospective studies ‘Do not prove causative
relationship between treatment protraction and local re-

currence’. In their opinion there are numerous reasons why
patients with a poor prognosis have relatively protracted
treatment, for example more advanced stage, poor re-
sponse to radiotherapy, treatment complications, and so
on. All of these factors could increase the duration of
treatment because, for example, a teleradiotherapy boost is
used or brachytherapy is delayed to allow for tumour
regression after external irradiation. These correlations
may confound the analysis of the impact of treatment
prolongation on local control. Nevertheless, our results
and data from the literature suggest that the prolongation
of overall treatment time may be harmful and that unnec-
essary treatment breaks should be avoided.

REFERENCES
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