Revised:
07 July 2018

Received:
19 December 2017

Accepted:
11 July 2018

Cite this article as:

© 2018 The Authors. Published by the British Institute of Radiology

https:/doi.org/101259/bjr.20170979

Guirado D, de la Vega JM, Guerrero R, Lallena AM. Radiobiological parameters for breast cancer: a Monte Carlo analysis of START trial

published results. Br J Radiol 2018; 91. 20170979.

FULL PAPER

Radiobiological parameters for breast cancer: a Monte
Carlo analysis of START trial published results

'DAMIAN GUIRADO, phD, 'JOSE M DE LA VEGA, PhD, 'RAFAEL GUERRERO, Msc and 2ANTONIO M LALLENA, PhD

'Unidad de Radiofisica, Nuevo Hospital Clinico “San Cecilio”, Granada, Spain
“Departamento de Fisica Atémica, Molecular y Nuclear, Universidad de Granada, Granada, Spain

Address correspondence to: Prof Antonio M Lallena
E-mail: lallena@ugr.es

Objective: Trial results are usually given in terms of
end point confidence intervals, the data concerning the
participating patients being not available. Sometimes, it
would be useful or necessary to obtain derived quan-
tities, such as dose-response relationships, from the
known information. In this work, we describe a method-
ology that allows to do that and illustrate it by analyzing
the UK standardization of breast radiotherapy (START)
trials.

Methods: Using Monte Carlo techniques, virtual data sets
were generated by sampling trial outcome distributions
in terms of the tumor control probability (described by
means of a logistic dose response and the equations of
isoeffect in the linear-quadratic model). After fitting the
available experimental data, the radiobiological param-
eters of interest and their confidence intervals were
obtained from the TCP vs EQD2 curve in which the
surgery effect is also taken into account.

Results: The value of a/f obtained for breast cancer
was 3.6 Gy, with a 95% confidence interval of (1.5,15.5)
Gy, in agreement with the one estimated by the START

INTRODUCTION

Usually, detailed data about all patients participating in
trial tests are not available, and the corresponding results
are provided by the researchers conducting them in terms
of confidence intervals (ClIs) for the end points studied.
However, it seems appropriate to have the possibility of
performing an independent analysis of these results. In this
work, we have analyzed the UK standardization of breast
radiotherapy (START) trials,"* by means of a methodology
based on a Monte Carlo procedure that permits to extract
details about the subjects of the trial using the reduced
information available.

In the START trials, the results obtained in a conventional
fractionation schedule for treatment of early breast cancer,
with 50 Gy imparted in 25 fractions of 2 Gy each during

group. The time factor, referred to a scheme of 2 Gy per
fraction, was 0.74 (0.41,2.67) Gy day™, of the same order
than that estimated for head and neck cancers.
Conclusion: A methodology permitting an analysis of
trial results was developed and tested with the results
of the START trials. The procedure does not require
detailed knowledge of the distributions actually found
in the trials. The values obtained for the parameters are
similar to those of the START estimations and this can be
considered an independent confirmation of their validity,
thus showing the model usefulness. The methodology
presented here relies on basic statistical methods that
are general enough to permit it to be applied to any kind
of trial. This may be particularly interesting when the
original data are no longer available.

Advances in knowledge: The main novelty of this paper
is to provide with a Monte Carlo based tool that permits
an independent analysis of published trial results in
order to obtain radiobiological parameters without a
detailed knowledge of the data corresponding to the
participating patients.

5 weeks, are compared to those found for other schedules
with lower total doses, imparted with doses per fraction
larger than 2 Gy during 3 or 5 weeks.

The results of these trials have permitted to obtain the radio-
biological parameters of both tumor and healthy tissues
involved, whose values are very important for the application
of the isoeffect model in the clinical practice. The START
Trialists Group> has quoted the values of the a/f ratio of
the parameters of the linear-quadratic (LQ) isoeffect model®
and the time factor, respectively, for breast cancer. This last
parameter is crucial to evaluate the effect of prolonging the
overall treatment time in fractionated radiotherapy.

In the present work, we have carried out an independent
determination of the tumor control probability (TCP)
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Table 1. Local-regional and local relapse values obtained in the different treatment schedules of the START trials®. Each schedule
is characterized by the total dose imparted to patients, D, the dose per fraction, d, and the overall treatment time of the fraction-
ated schedule, 7. The relapses, R, found after 5 and 10 years follow ups are given in terms of the average and the 95% confidence

interval (between brackets)

R (%)
Local-regional relapse Local relapse

Trial D (Gy) d (Gy) T (week) 5 year 10 year 5 year 10 year

Al 50.0 2.00 5 40102857 | 7.4[55100] | 3.4[235.1] 6.7 [4.9,9.2]
START A A2 416 3.20 5 3.8[2.6,5.5] 6.3[4.7,85] | 3.1[2047] 5.6 [4.1,7.8]

A3 39.0 3.00 5 51[377.1] | 88[67114] | 44[3.162] | 8.1[6.1,10.7]

Bl 50.0 2.00 5 3.5[2.54.8] 55[42,72] | 3.3[2.44.6] 52[3.9,6.9]
START B

B2 40.0 2.67 3 2.3[1.5,3.4] 4313.2,59] | 1.9[1.2,3.0] 3.8[2.7,5.2]

START, UK standardization of breast radiotherapy.

model that reproduces the published outcomes of the START
trials. This has permitted to obtain the radiobiological quantities
of interest such as the a/3 ratio and the time factor for tumor
response. To do that, only the information about START trials
shown in Table 1 has been considered, the (unavailable) whole
data set of the trials being not required.

METHODS AND MATERIALS

Data analyzed

Table 1 summarizes the information corresponding to the
START trials that have been analyzed. The important data are
the local-regional and local relapse values, R, after follow ups of

5 and 10 years. They are given in terms of the average and the
95% CL

In Table 1, the relapses found for different treatment schedules
are shown. They are characterized by the total dose imparted to
patients, D, the dose per fraction, d, and the overall treatment
time of the fractionated schedule, T. In particular, the conven-
tional fractionation schedule for treatment of early breast cancer,
with 50 Gy imparted in 25 fractions of 2 Gy each during 5 weeks
(configurations Al and Bl), is compared to other treatment
configurations with lower total doses, imparted with doses per
fraction larger than 2 Gy during 5 weeks (schedules A2 and A3)
or 3 weeks (schedule B2).

Dose response and isoeffect models

In what follows, we refer to a radiotherapy treatment schedule
by giving its characteristics as a triad (D, d, T). As the schedules
whose results are shown in Table 1 are different, the relapse values
quoted cannot be directly compared. To do this, the biologically
effective dose of a given schedule is required. Assuming the LQ
isoeffect approach with a time factor included, it can be written
as?’

d
BED (D,d,T) =D <1+ 073> — kmax [T — Tg,0] (1)

where /[ is the parameter related to the effect considered (the
tumor response in our case), k represents the time factor, which
takes into account the cell repopulation, and Tk is the onset time,

which indicates the minimum time required, since the beginning
of the treatment, for the time effect to appear.

Given a treatment schedule (D,d,T), the equivalent dose,
EQDy v, is defined as the total dose imparted in a schedule
(EQDd/,T/,d/, T') that produces the same biological effect than
the former one; that is:

BED (EQDy v, d', T') = BED (D, d, T) @)

According to Equation (1), and assuming that T is smaller than
the usual overall treatment times, we have that

d+alB
EQDy 1+ = EQDy v (D,d, T) = Do B~ ky (T—T) (3)
where
_ kB
ko =R alp @

In what follows, and to simplify the writing, the dependence of
EQDy 17 on D, d, and T will not be explicitly indicated.

The equivalent dose in Equation (3) allows comparing the results
obtained in different treatment schedules. In this work we have
considered the TCP as the magnitude to do that comparison.
This quantity is related to the relapse value R, which is the output
quantity provided in the START trials, as

TCP=1-R (5)

and to model it we assumed a logistic dose-response approach®

4y -1
D
TCP (D) = TCPsurgery + (1 — TCPsurgery) [1 + (%) } (6)

Here, TCPsurgery is the fraction of cures due to surgery, D5 is the
total dose needed to achieve 50% of the cures due to radiation
and v is the normalized dose-response gradient at Dsy.
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In what respect to TCPsurgery, a reasonable value is the one
found by Clarke et al” and Yarnold et al® who estimated it as
~0.7. In any case, and to have an idea of the influence of this
quantity, the extreme case of TCPsurgery = 0 was also analyzed.
The other two parameters, Dsg and ~y, have a well-known clin-
ical relevance and may be obtained by fitting the model func-
tion of Equation (6) to the data provided by the trials, as it is
described below.

The procedure we followed involved two steps. In the first one,
we considered the data of A1, A2, A3 and B1 schedules. As seen
in Table 1, all these schedules were imparted in the same time,
5 weeks, that corresponds to T = 33 day, if one assumes that all
treatments begin on Monday. The results of these four sched-
ules were compared by considering the equivalent doses corre-
sponding to a reference schedule with &’ = 2 Gy and T’ = 33 day
According to Equation (3), they are given by:

L d+alp
EQD; Gy, 33 day = Dm (7)
Taking into account Equations (6) and (7) we can write:

TCP (EQD; Gy, 33 day) =
—1

4y
Dso
= TCP + (1 — TCP, Y\ oD
surgery + ( surgery) |: (EQDZ Gy;33 dﬂY) :| ®

4~y -1
2G
= TCPyurgery + (1 — TCPyurgery) {1 + (@ yro/p ) }

D dt+alB

It is obvious that for A1 and B1 schedules, for which d = 2 Gy,
EQD, Gy, 33 day — D.

The first step of the procedure consisted in fitting this function to
the data mentioned. As a result, the values of D5 and v as well as
that of a/3 were obtained.

The second step allowed estimating the only parameter that
remained unknown: the time factor k. To determine it, Equa-
tion (2) was applied to the treatment schedule B2 and then we
had:

BED (EQD; gy, 33 day> 2 Gy, 33 day) = BED (40 Gy, 2.67 Gy, 19 day) (9)

Here we considered that, if treatments begin on Monday, the 3
week schedule B2 took 19 days. Taking now into account Equa-
tion (1), we can write for the time factor:

1
" l4day

[EQDz Gy,33 day (1 + %) —40 Gy (1 + 2',617/;),)] (10)

The value EQD; Gy, 33 day Was determined directly from the TCP
curve obtained in the first step of the procedure here proposed.

Statistical methods

The key information that must be determined is the one linked to
the distributions of the four parameters involved in the problem,
these are Dsq, v, o/ and k. In our case, we adopted a Monte
Carlo approach for this purpose. In what follows, we describe the
steps of the procedure.

(1) As it can be seen in Table 1, the CI [Rlow’ Rhighj| provided by

the START trials for the local-regional relapse are asymmetric
with respect to the average value, Rave. On the other hand, the
corresponding distributions are not known. However, we found
that the transformation

g(R) = 1n (11)

1-R

defined symmetric intervals in all cases quoted in Table 1. At
this point, we assumed that the transformed values g (Rave) and

[g (Riow) -8 (Rhigh)} represented the average and the 95% CI
corresponding to the Gaussian distribution N [g (Rave) » a], with

o= i [g (Rhigh) _g(Rlow)} (12)

The value 3.92 = 2 x1.96 in the previous equation is due to the
fact that the CI is at 95% probability.

(2) The previous Gaussian distribution was sampled and, from
each g generated in this sampling, an R value was calculated
using

_ (g
R= 1+exp (g) (13)

which is the inverse transformation of the one in Equation (11).

In this way, we generated five R values, one for each of the START
treatment schedules that were being analyzed and, using Equa-
tion (5), the corresponding TCP values were calculated.

In order to check the robustness of our procedure, we have
considered two additional distributions generating the R values.
Specifically, we have used a normal distribution N [py, o] char-
acterized by

_ Rpigh + Rigw _ Rpigh — Riow

_ 14
2 > ON 392 (14)

HN

and an uniform distribution U [Rlow’ Rhigh} .

(3) The model TCP function in Equation (8) was fitted to the
TCPpy, TCPpp, TCPp3 and TCPp; values using the Leven-
berg-Marquardt method.” As a result, the parameters Dsq, 7,
and o/ were obtained

(4) Using the specific values of D5 and v, the corresponding TCP
vs EQD curve was built and, from the TCPg, value obtained in
the sampling, the equivalent dose for the B2 schedule was calcu-
lated as:

1 — TCPsurgery
TCP B2 — TCP surgery

1
Ty
EQD; Gy,33 day = D50 ( - 1) (15)
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Figure 1. Parameter distributions found in our Monte Carlo procedure. Symbols correspond to local-regional relapses while curves
stand for local relapses. Black circles and black dotted curves have been obtained for TCPsyrgery = 0.7; red squares and red solid
curves are for TCPsurgery = O. Uncertainties are shown with a coverage factor 2 only for local-regional relapse results; those of local

relapses are of the same order. All values plotted are for 10 year follow-ups. TCP, tumor control probability.
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Using this value in Equation (10), the time factor k was deter-
mined and, according to Equation (4), we obtained:

al
ey =k3gy fa/ﬂ (16)
(5) By repeating these steps a number of times (in our case
2.5 x 10%), we generated the distributions of the various radio-
biological parameters of interest with enough statistics. As these
distributions are usually asymmetric, the results were given
in terms of the median and the 95% CI corresponding to the
interval between the 2.5 and 97.5 percentiles.

RESULTS

Figure 1 shows the distributions of the radiobiological param-
eters calculated in our Monte Carlo analysis of the START trial
output information for a follow up of 10 years. Black solid circles
correspond with local-regional relapses while black dashed
curves were obtained for the local ones, in both cases assuming
TCPsurgery = 0.7. Table 2 summarizes the results obtained

in terms of the corresponding medians and 95% Cls of each
parameter.

The first point to be noted is that the parameter distributions
obtained for the two types of relapses considered are very similar
and, with the exception of v (Figure 1b), where a slight differ-
ence can be observed, the corresponding distributions are almost
overlapping. This is corroborated by the results shown in Table 2.
The values obtained for the median of 7 in the cases studied are

00 03 06 09 12 15 18 21 24

kocy (Gy day_l)

relatively small, between 1.01 and 1.34. For example, those esti-
mated for head and neck cancers are higher.'’ This may indicate

a large dosimetric and biological heterogeneity in the patient
sample of START trials.

In Figure 2, the TCP values obtained from the START data, for
local-regional relapses and TCPsurgery = 0.7, are shown: black
squares and triangles are for START A and B data, respectively.
The curves represent the corresponding fitted TCPs, as given by
Equation (8): the black dotted curve corresponds to the 5 year
follow-up and the black solid line stands for the 10 year follow-up.
The insets show, for the two follow-up periods considered, the
detail of the dose range where START data occur. Similar results

are obtained if the local relapse data are considered instead of
local-regional ones.

As it can be seen, the data of the START schedules correspond to
a region of the TCP curve showing a rather smooth dependence
on the equivalent dose EQD) Gy 33 day- As the slope of TCP
therein is small and the data uncertainties are relatively large, the
sampling procedure may generate spurious situations in which
the fits to the virtual data sets produce negative values of D5y and
~ that have no sense within the model we have considered. We
have determined that the amount of cases in which this occurs
is ~ 20% and ~10% for 5 and 10 year follow-ups, respectively.
In our analysis, these cases have not been considered, and to
avoid artifacts produced in the fitting procedure, we imposed the
following restrictions to the fitting parameters: D5y > 0, v > 0
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Table 2. Parameter values obtained by using the Monte Carlo procedure developed Results for the local-regional and local relapse
data of the START trials and for 5 and 10 year follow-ups are shown. The median and 95% CI (as the 2.5 and 97.5% percentiles)

are given.
START A/B (this work)
Local-regional relapse Local relapse
TCPsurgery Parameters 5 year 10 year 5 year 10 year

Dso (Gy) 32.45 [7.60,41.13] 38.75 [17.90,44.30] 32.68 [6.59,41.32] 38.52 [16.92,44.06]

v 1.12 [0.25,2.46] 1.26 [0.30,2.58] 1.21[0.25,2.66] 1.34 [0.31,2.68]

0.7 alB (Gy) 3.60 [1.09,19.59] 3.57 [1.50,15.52] 3.02 [0.71,13.98] 3.33[1.37,13.07]

k(Gyday™ ) 1.28 [0.60,6.95] 1.15 [0.64,4.44] 1.33 [0.58,8.95] 1.17 [0.64,4.77]

ks gy (Gy dayfl) 0.83[0.40,3.93] 0.74 [0.41,2.67] 0.81[0.38,4.28] 0.73[0.41,2.88]

Dsy (Gy) 22.39 [2.12,34.60] 26.07 [4.35,36.17] 23.41[2.13,35.28] 26.71 [4.38,36.63]

¥ 1.01 [0.25,2.19] 1.03 [0.27,2.06] 1.11 [0.26,2.41] 1.10 [0.28,2.20]

0.0 alB (Gy) 3.59 [1.26,18.68] 3.54 [1.57,15.73] 3.01 [0.86,13.94] 3.32[1.38,12.95]

k(Gyday™1) 1.31 [0.62,6.21] 1.19 [0.65,4.32] 1.37 [0.61,7.73] 1.21 [0.64,4.67]

ka Gy (Gy dayfl) 0.84 [0.40,3.46] 0.76 [0.42,2.63] 0.83 [0.38,3.75] 0.76 [0.41,2.77]

START, UK standardization of breast radiotherapy.

Figure 2. TCP values found for the local-regional relapses,
as a function of the equivalent dose EQD; gy 33 qay- Results
from START A (black squares and red diamonds) and START
B (black triangles and red circles) schedules are shown. The
curves represent the results obtained by fitting Equation
(8) to data. Black dotted and solid curves correspond to
TCPsurgery = 0.7, while those found for TCPsyrgery = O are shown
with the red dashed and dashed-dotted ones. The upper and
lower insets show the dose region where data occur for the
5 and 10 year follow-ups, respectively. START, UK standardi-
zation of breast radiotherapy; TCP, tumor control probability.
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, alf > —4Gy and k <50 Gy day~ L. In any case, it is worth
noting that using the medians as the parameters characterizing
the central values of the corresponding distributions makes
the final results to be rather independent of the specific values
considered for these restrictions.

In Table 3, the results obtained are compared to those found
for the other two distributions considered for sampling R.
The comparison has been done for local relapses and a 10 year
follow-up. Similar results are obtained in the other situations. As
it can be seen, the average values of the different radiobiological
parameters are very similar in the three cases while, as expected,
the ClIs are slightly larger in the case of the uniform distribution.

DISCUSSION

As our procedure has permitted us to obtain the dependence of
TCP as a function of EQD; Gy 33 day (Figure 2), it could be used
to analyze any breast cancer treatment schedule whose configu-
ration is within the limits of applicability of the LQ model. This is
s0 because EQD) Gy 33 day can be evaluated from the parameters
characteristic of the specific schedule: the total dose, the dose
per fraction and the overall treatment time. It should be high-
lighted the particular importance of the later in the calculation
of the equivalent dose, crucial in the case of the hypofractionated
schedules that are commonly prescribed nowadays.

Once the TCP vs  EQDj Gy 33 day model has been established,
the radiobiological parameters defining it can be obtained and
analyzed. So the time factor values, both k and k; Gy, and the
corresponding Cls obtained for the local-regional relapses are
very similar to those found for the local ones. However, the
quantities Dsg and +y are slightly smaller and larger, respectively,
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Table 3. Parameter values obtained by using the Monte Carlo procedure for the local relapse data of the START trials, for 10 year
follow-up and for TCPsurgery = O.7. Here, the results obtained with the three distributions considered for the sampling of R within

the Cl are compared.

START A/B (this work)
Local relapse (10 year follow up)
TCPsurgery Parameters g2(R) N [un, ox] U [Riow» Rnigh]
Dso (Gy) 38.52 [16.92,44.06] 38.48 [16.05,44.15] 38.96 [13.21,44.48]
5 1.34[0.31,2.68] 1.28 [0.28,2.64] 1.35[0.24,2.78]
0.7 alB (Gy) 3.33 [1.37,13.07] 3.42 [1.35,13.74] 3.32 [1.04,15.48]
k (Gy day™) 1.17 [0.64,4.77] 1.21[0.68,5.51] 1.18 [0.64,7.14]
k2 Gy (Gy day ™) 0.73 [0.41,2.88] 0.77 [0.43,3.08] 0.74 [0.41,4.09]

START, UK standardization of breast radiotherapy; TCP, tumor control probability.

for local relapses. Nevertheless, this has almost no influence on
the TCP curves. In fact, the fitted TCPs agree within 41%.

The o/ ratio found for the local-regional relapses is larger than
that obtained for the local ones. However, while in the former
case the values found for 5 and 10 year follow-ups are very close,
in the latter the o/ value found for 5 year follow-up is 10%
smaller than that corresponding to the 10 year one.

The parameters obtained for the local-regional relapses may be
compared to those quoted as results of the START schedules.
For o/3 START A found 4.0 [0.0,8.9] Gy, and the START pilot
trial 3.5 [1.2,5.7] Gy.? The medians we have found for the two
follow-up periods considered are in good agreement with these
START results, though our CIs show a larger queue toward high
values of the parameter.

On the other hand, the combined analysis of START A, B and
pilot trials has produced, for local-regional relapse, a time
factor kj gy = 0.65 [0.12,1.66] Gy day— 4 Despite the overlap
between the CI of this value and ours, the time factor we have
estimated with our procedure is noticeably larger, being of the
order of those usually found for head and neck tumors.

As expected, when the follow-up time goes from 5 to 10 year,
D5 increases and TCP reduces. On the contrary, the ~y distribu-
tion remains practically the same. Independently of the tumor
control that can be ascribed to surgery, the normalized slope
of the TCP curve at EQD; Gy 33 day = 50 Gy is 0.15 and 0.25
for the follow ups of 5 and 10 years, respectively. These values
are important in what respect to the clinical improvement that
can be expected from a given enhancement of EQD; Gy 33 day-
However, that improvement is small and shows a drawback of
the START data that had been pointed out by the START Trial
Management Group.® This is due to the fact that only a single
scheme in which the treatment duration changes with a signifi-
cant increase of EQD; Gy 33 day is available in START trials.

The results just discussed were obtained by assuming
TCPsurgery = 0.7.7% As the important point would be to evaluate

the impact of surgery in the final tumor control and, as a conse-
quence, in the estimated radiobiological parameters, we consid-
ered the extreme value TCPsurgery = 0. In this way, we quantified
the maximum effect that may be attributable to uncertainties in
the ratio of cures due to surgery. The results obtained are included
in Table 2 and the distributions of the parameters of interest are
shown in Figure 1 with red solid squares for the local-regional
relapses and with red solid curves for the local ones. In Figure 2
the corresponding TCP data obtained in this case are shown with
red diamonds and circles (for START A and B, respectively) and
the red dashed and dashed-dotted curves correspond to the fits
found for 5 and 10 year follow-ups, respectively.

In what refers to the parameter distributions we see in Figure 1
that significant changes occur for those corresponding to Ds
and +y, while those of o/ and k; Gy remain almost unaltered.
This is due to the fact that the START data analyzed are all of
them at relatively large doses, for EQD; Gy,33 day above 45 Gy,
and therein the TCP curves fitted are practically unaffected
by the value of TCPsurgery. As it can be seen in Figure 2 the
curves corresponding to TCPsurgery = 0 overlap those found to
TCPsurgery = 0.7 at these high doses. The differences between
the TCP curves corresponding to the two values of TCPsurgery
appear at lower doses.

The fact that the three different distributions considered for the
relapse values produce very similar mean radiobiological param-
eters (as seen in Table 3) indicates that the method is robust.
Even if the CI are unknown, adequate central values of the
parameters of interest can be obtained. On the other hand, and
as it is obvious, the uncertainties of these parameters depend on
the specific distributions considered, being larger for the distri-
butions with less information (the uniform one in our case). It
is worth pointing out that by taking directly the normal distri-
bution (instead of the transformation that symmetrizes the CI)
shows up a minimal influence in these uncertainties.

We have applied our method to a specific case (START) in
which the authors have published their outcomes and have
calculated the derived radiobiological parameters. Starting from
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the outcomes of the START trials, we have been able to obtain
several derived radiobiological quantities whose values compare
rather well with those provided by the trial conductors. Then,
our method permits to analyze the coherence between these
derived quantities and the published outcomes.

In the case the raw data of a trial are not available and derived
quantities have not been calculated, our tool allows obtaining
such derived quantities producing an useful information.

Part of the uncertainties of the results of a method like the one
we are proposing are related to the method itself. But, a non-neg-
ligible component of them is linked to the size of the ClIs (i.e. to
the quality) of the trial outcome data used as inputs. Our method
produces larger uncertainties in the derived quantities than
those expected from the direct analysis of the raw data; this may
be seen as a limitation of the approach, but does not invalidate
the overall results.

An important point is that the use of this Monte Carlo proce-
dure permits to include additional information such as the vari-
ations in treatment courses (e.g. patients receiving a tumor bed
boost), or the variability of the various quantities entering into
the problem (absorbed dose, dose per fraction, actual week day
when treatments begin, and other).!! The knowledge of these
data would permit to obtain better and feasible results, at least
a priori.

CONCLUSIONS

In this work we have performed an independent analysis of the
results of the START trials using a method based on a Monte
Carlo approach that does not require the detailed knowledge of
participating patients.

The relation TCP vs EQD,; Gy 33 day reproducing the trial
outcomes has been obtained, including the surgery contribution,
and the radiobiological parameters of clinical interest have been
determined using it.

The values obtained for the a/f parameter are similar to those
of the START estimations and this can be considered as an inde-
pendent confirmation of their validity. Our results show large
time factors for breast cancer, of the same order as those esti-
mated for head and neck cancers.

The basic statistical methods used make the methodology
presented here general enough to be applied to other trials.
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