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A CONTRIBUTION TO THE COMPARISON OF THE EFFICACY 
OF RADIOTHERAPEUTIC PROCEDURES IN CERVICAL CARCINOMA 

T A ~ O  T A ~ E V ,  JAROSLAV MICHALEK and J I R ~  POLACH 

This paper presents a new method in which the regression velocity of cervical carcinoma is measured 
by computer tomography and the results evaluated by two statistical methods: non-linear regression 
analysis and survival analysis. By means of this approach it was possible to compare the early effect 
of therapy in patients treated with intracavitary application of '=Ra plus external radiotherapy with 
those treated with "'Cf, '%Ra and extended radiotherapy. In the latter group a higher efficacy of the 
therapy was demonstrated by both statistical methods. As the timing between external and intracavitary 
radiotherapy was different in the two groups and as '"Cf contributed to a rather small part of the total 
radiation dose it could not be concluded that the difference in efficacy really was due to "'Cf. Of 
essential interest was, however, that an obvious difference in efficacy could be found between two 
slightly different treatment techniques. The statistical procedure called survival analysis, used here 
parallelly with weighed regression analysis seemed to give better results than a classical regression 
analysis and can thus be recommended for processing of clinical data of the type which is discussed in 
this paper. 

Methods allowing early comparison of the efficacy of 
various therapeutic approaches have always been of great 
interest for radiotherapy of malignant tumours. Long-term 
studies on survival and freedom from recurrence give the 
most adequate expressions for the overall value of a treat- 
ment method but are very time-consuming and may, more- 
over, too late reveal the fact that an applied therapeutic 
procedure may not have been optimal. Therefore, atten- 
tion has been focused on early supplementary criteria for 
treatment efficacy as tumour regression rate (1, 2). This 
approach can be used only when the anatomy permits 
volumetric measurement of the tumour. The possibilities 
for such measurements have improved by modern diagnos- 
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tic methods, such as sonograhy, computer tomography 
and nuclear magnetic resonance imaging. 

In the present study the regression of cervical carcinoma 
was followed and statistically compared in two groups of 
patients with cervical carcinoma treated with different 
radiotherapy techniques. 

Material and Methods 

Regression curves for cervical carcinoma were compared 
in 58 patients treated in 1986-1987. The patients were 
randomly allocated into two groups. Randomization was 
performed on admission of each patient and was based on 
a random decision of type of treatment. Group 1 (33 
patients) was treated with intracavitary application of 
"'Cf followed by 226Ra. Group 2 (25 patients) received 
intracavitary 226Ra treatment. Only patients with advanced 
disease (stages 11, 111, IV according to the F I G 0  classifica- 
tion) were included. 

The two treatment methods differed as follows: Group 1 
patients received 252Cf brachytherapy with a dose of 2 Gy 
(RBE = 6 (3)) in point A in the first week. In the 4th 
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week this was followed by intracavitary application of 
226RA with a dose of 40 Gy in point A. Group 2 patients 
were treated solely with 226Ra application in the 3rd and 
5th weeks of therapy. The total radium dose was 55 Gy in 
point A. External radiation therapy in both groups was 
given with a Co Chisostat unit with extended fields ad- 
justed according to the results of lymph node examination. 
The central pelvic dose from external radiotherapy was 
40Gy. The total dose in point A was equivalent to 
-85 Gy in both groups when the high RBE of 2s2Cf 
neutrons was taken into account. A detailed description of 
the treatment methods is given in Table 1. 

Volumetric measurement of the enlarged cervix uteri 
was made with computerized tomography (4-7). The ex- 
amination was performed with a Somatom 2 device. Be- 
fore examination, a cylindrical swab immersed with saline 
solution was inserted into the vagina with its upper margin 
at the level of the isthmus uteri in order to distinguish the 
lower cervical margin from the surrounding healthy tissue. 
Images of cervical tissue in consecutive planes from the 
lower vaginal edge up to the uterine body were obtained 
which allowed calculation of the total cervical volume. 
Each examination was repeated three times and the arith- 
metic mean was calculated. The lower and the lateral 
outlines of the cervix were distinctly recorded in almost all 
cases. However, this was not always true for the junction 
of the cervix and uterine body and by this method a part 
of uterine body tissue may be included into the measure- 
ment of the cervical volume. To avoid an effect of this 
inaccuracy on the assessment of tumour regression, all 
measurements in a special patient were related to the 

definition of the junction between the cervix and the 
uterine body made at the first examination, i.e. before 
radiation therapy (Fig. 1). The uterine body tissue which 
may have been included in the volumetric measurements 
thus remained constant. 

The regression of cervical carcinoma was followed till 
tumour clearance could be assessed macroscopically, i.e. 
when the cervical volume remained constant. The volumet- 
ric changes of the uterine cervix were in each patient 
estimate by 4-7 measurements. The intervals between the 
examinations were not regular and varied in each patient 
and within the whole sample. 

Fig. I. Changes in volume of cervical carcinoma during and after 
radiation therapy. 

Table 1 

Treatment design 

Group Week of therapy Total 
dose 

1 2 3 4 5 6 

252Cf I )  External irradiation 226Ra External irradiation Point A 
12 Pg full fields 50 mg split fields 5 84 Gy-eq 
uterovag. Point A-B 20 Gy uterovag. Point A 10 Gy Point B 

1 Point A Fractionation: Point A Point B 20 Gy 5 57 Gy-eq 
13.8 Gy-eq. 2 Gylday 40 GY Fractionation: 2 Gy/day 
Point B Point B 

External irradiation 226Ra External 226Ra External Point A 
full fields 2 x 20 mg irradiation 4 x 10 mg irradiation 85 Gy 
Point A-B 20Gy colpostat split fields tandem split fields Point B 
Fractionation: Point A Point A Point A Point A 59Gy 

9 GY Point B Point B Point B Point B 

4.5 Gy-eq 12 Gy 

2 

2 GY/daY 25 Gy 5 GY 30 Gy 5 GY 

10 Gy 10 Gy 10 Gy 

1) Dosimetric planning was performed in Gy-equivalents (Gy-eq.) by use of the following equation: 
D/Gy-eq. = Dn.RBE, + Dy.RBEy where D, and Dy = physical doses from neutron and gamma compo- 
nents of 2s2Cf irradiation; RBE, and RBEy = relative biological effectiveness of the gamma and neutron 
components of 2J2Cf irradiation 
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Statistical processing 

Processing of a set of the determined statistical data was 
done by means of two statistical methods. The first one 
was classical non-linear regression analysis and the second 
one a modern statistical method called survival analysis 
(8). In order to avoid misunderstanding it should be 
mentioned that the survival analysis as a statistical method 
used here for data processing is not connected with the 
survival of treated patients. 

First, we will deal with processing of a given data set by 
means of non-linear regression analysis. The decrease in 
the tumour volume after irradiation was modelled by the 
following regression relation (9): 

(Eq. 1) 

where x is the time of examination, measured from the 
start of medical treatment (in days) and Y, is the relative 
tumour volume at time x, i.e. 

Y, = ( 1  + eZ)/( 1 + e" +px). 

V, tumour volume at time x, 
Vo initial tumour volume. 
Vk final tumour volume after recovery or at the last 

examination, 
01, B are unknown parameters of which CL describes the 

time of the response to medical treatment and the 
decrease of the tumour volume during medical treat- 
ment. 

The estimate of the unknown parameters was made by the 
method of least squares. For computation, the Gauss- 
Newton algorithm was used. 

Statistical induction obtained by regression analysis was 
supplemented by statistical processing of the data set by 
survival analysis. For this analysis the decrease of the 
tumour size Vo - V, (expressed as cm3) during the period 
of medical care was determined for each patient. The 
treatment was regarded as a process leading to a decrease 
in volume units of the tumour until its complete clearance. 
The medical process could then be followed on a cumula- 
tive percentage curve of tumour persistence which, for time 
x, gave the percentage of volume units unaffected by the 
treatment. These curves are shown in Fig. 2. For each 
cumulative percentage value persisting tumour volume 
units the standard deviation was computed according to 
Greenwood's formula (10). The analysis implied the as- 
sumption that each tumour volume unit behaved homoge- 
neously and independently during medical treatment both 
in an individual patient and in different patients. 

To assess the significance of deviations in the two 
curves, Wilcoxon's statistics according to Breslow ( 1  1) or a 
test proposed by Mantel (12) were used. From our point 
of view, we laid stress on an evaluation by means of the 
Breslow test since it emphasizes the initial decrease in 

DAY 

Fig. 2. Decrease in tumour volume units in relation to medical 
treatment. t :  Group 1 (252Cf + external RT + 226Ra +external 
RT). a: Group 2 (external RT + 226Ra +external RT + 226Ra 
+external RT). 

tumour volume and is less sensitive to the low decrease in 
volume that may occur in more radioresistent tumours. 
From a medical point of view it is important that neither 
of these two tests was sensitive to the choice of times at 
which the examinations were done. We have previously in 
detail described the statistical analysis ( 13). One assump- 
tion for this analysis is that the total number of tumour 
volume units is large. 

Results 

Estimates of the parameters tl and p and their standard 
deviations s, and sp  for the regression function (Eq. 1)  
were obtained for both groups of patients. The regression 
functions obtained are shown in Fig. 3. A preliminary 
estimation of the difference between the two regression 
curves based on an asymptotic normality of the obtained 
estimates showed a low level of statistical significance. 
However, the estimation of the tumour regression after the 
two medical procedures, even if it concerned the standard- 
ized data, did not sufficiently take into account the individ- 
ual course of tumour volume decrease and considerable 
individual variability obscured the real curative effects of 
the applied treatment methods. It was therefore preferable 
to use the estimates of parameters of the regression func- 
tion (Eq. 1) for each patient. 
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Fig. 3. Average decrease in the volume of cervical carcinoma. 
_ _ _ _  Group I :  patients treated with 252Cf + 226Ra. n = 33, 
a=0.116, s,=O.753, p=0.044, ss=0.009. -Group 2: pa- 
tients treated with 226Ra, n = 25, a = -2.206, s, = 5.212, 
/l = 0.029, ~g = 0.009. 

A detailed analysis of the individual regression curves 
showed that several data were influenced by outlying ob- 
servations and large measurement errors (for instance, 
there were individual curves where the tumour volume was 
estimated only during a part of the treatment period). 
After elimination of such outliers the small number of 
remaining measurements did not allow obtaining of esti- 
mates of parameters a and j (Eq. 1) which could be 
regarded as valid enough from statistical point of view. We 
therefore decided to exclude from this part of the statistical 
analysis all patients for whom it was not possible to 
reliably model the relative tumour volume decrease by 
means of the function (Eq. 1). By this procedure the 
original group of 58 patients was reduced to 37 patients, 
of whom 13 were treated with 226Ra and 24 with 252Cf. 

The causes of non-homogeneity and the deviations from 
the model (Eq. 1) in the excluded patients were not 
analysed in relation to individual reactions. The reduction 
in number of patients made it possible to use classical 
weighed regression analysis but conclusions based on such 
a small sample could lead to incorrect evaluation of the 
efficacy of the two treatment methods. To avoid this and 
to confirm or reject the results of weighed regression 
analysis we processed the data set from all patients by 
means of survival analysis. 

In the whole group, made homogeneous in the way 
described above, individual estimates 4, B of the parame- 
ters a and j were determined for each patient, together 
with standard deviations s,, sb and correlation coefficients 
p(4, b. From the estimated regression function, the treat- 
ment time xso necessary for a 50% decrease in relative 
tumour volume and its standard deviations were deter- 
mined by means of inversion transformation. The detailed 
results are given in ref. 14, Table 2. They showed a 
considerable variability concerning the individual regres- 
sion curves within each group, which obscured the thera- 
peutic effects of the procedures used. Therefore, further 
processing involved assessment of the two therapeutic pro- 
cedures by means of weighed regression based on standard 
deviations determined in the preceding analysis of the 
individual curves. The courses of the curves obtained by 
weighed regression are presented in Fig. 4. The values of 
the single parameters are shown in Table 3. By this pro- 
cessing the following hypotheses were tested: 

1) aRa=aCf,  i.e. there is no difference in the time of 
response to medical treatment between the procedures, 

2) jRa=jcf, i.e. the decrease in relative tumour volume 
was equal in the two treatments, 

3) xso . Ra = xs0. Cf, i.e. the time needed for 50% decrease 
in relative tumour volume was equal after the two 
medical procedures. 

The results of these analyses are given in Table 3. It is 
apparent that the test did not show any considerable 
difference between the parameters aRa and aCf at an ac- 
ceptable significance level. The difference between the 
parameters jRa and jCF was disclosed by the test to be 
conclusive first on the 15% - significance level. A lower 

Table 2 
Average rime (days)for regression of the tumour volume 

Source of Average time SD Time (days) for decrease 
intracavitary of survival of 
radiation the tumour 

volume 

in tumour volume to 

25% 50% 75% 

226Ra 56.1 1.5 24 39 78 
252Cf + 226Ra 43.2 1.2 17 29 68 
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Fig. 4. Decrease in cervical carcinoma volumes. Parameters of 
regression curves, based on individual patient curves, were com- 
puted by weighed regression. - - - - Group 1 (2S2Cf + 226Ra). 
- Group 2 (226Ra). 

value of the parameter a, describing the time of response 
to medical treatment, determined in the group of patients 
treated with 225Cf, and a higher value of the parameter /3, 
which indicates a steeper descent of the regression curve 
for the group of patients treated with 252Cf, are evident in 
the course of the two weighed regression curves in Fig. 4. 
If we use the time xs0 as one of the characteristics of this 
course, then Table 3 clearly shows a high statistical signifi- 
cance of the difference between the procedures concerning 
this characteristic. It can be concluded that the different 
courses of the regression functions are statistically signifi- 
cant, which is ihown particularly concerning the time 
needed for a 50% decrease in relative tumour volume. 

Further comparison of the two therapies was made by 
means of survival analysis. For the original non-homoge- 
nized groups of patients (group I ,  n = 33; group 2, n = 25) 
the values were determined as follows: 73.1 for the Breslow 
statistics, 58.9 for the Mantel statistics, at one degree of 
freedom for comparison of cumulative percentage curves 
of persisting tumour volume units after irradiation with 
'"Cf and with 22aRa. The values were statistically signifi- 
cant on the 1%-significance level and provided evidence of 
the significant differences between the therapies compared. 
The results of evaluation shown in Table 2 were supple- 
mented by the computation of the average time of survival 
of the tumour volume unit by its standard deviation and 
by estimates of the times for 25%, 50% (median) and 75% 
decrease in tumour volume. The comparison of these 
results with those obtained by means of regression analysis 
indicates a good agreement when comparing the two med- 
ical procedures. In the patients irradiated with 252Cf there 
was a coincidence between the average time for obtaining 
50% decrease of tumour volume ( ~ 5 0  = 29.2) and the esti- 
mate of the median time for a decrease in tumour volume 
(29 days) (Tables 2 and 3). In the 25 patients treated with 
226Ra, the variability was greater; the estimate x50 was 49.7 
days and the estimate of the median time for a decrease in 
tumour volume was 39 days (Tables 2 and 3). This differ- 
ence was largely caused by extending the group processed 
by weighed regression analysis by 12 patients treated with 
226Ra who, when processed by regression analysis, showed 
a strong non-homogeneity. 

Discussion 

The rate of regression induced by a certain therapeutic 
procedure is an important prognostic factor ( 15- 17). 
When comparing the effectiveness of treatment in tumours 
which are similar in localization and biological type, the 
rate of tumour regression provides a convenient criterion 
for early evaluation of treatment efficacy. The possibility 
to follow the regression rate of a tumour or a tumour-en- 
larged organ is conditioned by the anatomic site of the 

Table 3 
Parameters of regression curves computed by weighed regression taking into account 

the course of the curve for each patienr 
~~ ~ ~ 

Group of patients D.f. F-test Level 
of 
significance 2 2 6 ~ ~  252cf  

Weighed estimate OL 3.33 2.88 1 35 1 . 1  0.30 
Standard deviation 0.10 0.46 
Weighed estimate p 0.065 0.082 1 35 2.1 0.16 
Standard deviation 0.002 0.013 

Standard deviation 2.2 2.7 
Weighed estimate xs0 49.6 29.2 1 35 24.1 < 10-5 
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tumour and its relation to the surrounding tissues. In 
well-defined structures, such as the prostate, the recording 
of changes in volume with time by means of CT or 
sonography is convenient and easy to perform ( I ,  18,19). 
Rather more difficult, however, is the volumetric assess- 
ment of the cervix, even though it can be directly studied 
by palpation and inspection. Evaluation of tumour regres- 
sion by gynecological examinations during and after treat- 
ment is subject to bias and does not provide the 
information required. A more objective, though still inac- 
curate, approach is three-dimensional measurement of the 
cervical volume (9). The method presented here, which 
combines volumetric measurement of the cervix by com- 
puter tomography with mathematical and statistical evalu- 
ation of the results, shows a new way for early objective 
comparison of different therapeutic procedures. The main 
aim of this paper is to  present a model for such studies. In 
the actual comparison the group treated by 252Cf + 22aRa 
brachytherapy supplemented by external radiotherapy 
showed a more rapid tumour regression than the group 
treated by 22aRa and external radiotherapy alone. How- 
ever, this does not necessarily mean that the difference was 
caused by the use of 252Cf in one of the groups but also 
other factors may have played a role, such as the rather 
different timing of external and intracavitary radiotherapy 
in the two groups. Of essential interest is, however, that a 
significant difference in the regression curves was obtained 
after two slightly different treatment modalities. 
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