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Abstract
Introduction: Radiotherapy treatment plans traditionally rely on physical indices like Dose-volume histograms and spatial dose
distributions. While these metrics assess dose delivery, they lack consideration for the biological effects on tumors and healthy
tissues. To address this, radiobiological models like tumor control probability (TCP) and Normal tissue complications probability
(NTCP) are increasingly incorporated to evaluate treatment efficacy and potential complications. This study aimed to assess the
predictive power of radiobiological models for TCP in breast cancer radiotherapy and provide insights into the model selection
and parameter optimization.
Methods: In this retrospective observational study, two commonly used models, the Linear-Poisson and Equivalent uniform
dose (EUD)-based models, were employed to calculate TCP for 30 patients. Different radiobiological parameter sets were inves-
tigated, including established sets from literature (G1 and G2) and set with an optimized “a” parameter derived from clinical trial
data (a1 and a2). Model predictions were compared with clinical outcomes from the START trials.
Results: The Linear-Poisson model with es lished parameter sets from the literature demonstrated good agreement with clinical
data. The standard EUD-based model (a= -7.2) significantly underestimated TCP. While both models exhibited some level of
independence from the specific parameter sets (G1 vs. G2), the EUD-based model was susceptible to the “a” parameter value.
Optimization suggests a more accurate “a” value closer to -2.57 and -5.65.
Conclusion: This study emphasizes the importance of clinically relevant radiobiological parameters for accurate TCP prediction and
optimizing the “a” parameter in the EUD-based model based on clinical data (a1 and a2) improved its predictive accuracy significantly.

Keywords
Tumor Control Probability (TCP), EUD-based Model, Linear-Poisson Model, Radiobiological Parameters, dose-volume effect,
Breast Cancer Radiotherapy

Received: 18 November 2024; revised: 8 February 2025; accepted: 6 March 2025

1School of Allied Medical Sciences, Lorestan University of Medical Sciences,
Khorramabad, Iran
2Department of Medical Physics, Faculty of Medicine, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran
3Department of Radiation Oncology, Faculty of Medicine, Golestan Hospital,
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
4Pain Research Center, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran
5Department of Biostatistics and Epidemiology, Faculty of Health, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran
6Department of Radiation Oncology, Golestan Hospital, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran

7Department of Radiation Oncology, Advocate Lutheran General Hospital,
1700 Lutheran, Park Ridge, Illinois, USA

Corresponding Authors:
Nahid Chegeni, Associate Professor of Medical Physics - Department of
Medical Physics, Faculty of Medicine, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran.
Emails: chegeni-n@ajums.ac.ir; chegenin@gmail.com

Majid Mohiuddin, Department of Radiation Oncology, Advocate Lutheran
General Hospital, 1700 Lutheran, Park Ridge, Illinois, USA.
Email: majid.mohiuddin.md@gmail.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.
com/en-us/nam/open-access-at-sage).

Original Research Article

Technology in Cancer Research &
Treatment

Volume 24: 1-8
© The Author(s) 2025
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/15330338251329103

journals.sagepub.com/home/tct

https://orcid.org/0000-0001-8677-3458
https://orcid.org/0000-0002-6373-5456
https://orcid.org/0000-0003-3994-9187
https://orcid.org/0000-0002-2187-5290
https://orcid.org/0000-0003-4585-7625
https://orcid.org/0000-0001-7056-2306
https://orcid.org/0000-0002-0952-5861
https://orcid.org/0009-0001-4182-7878
https://orcid.org/0009-0009-4180-9512
https://orcid.org/0000-0003-0546-5352
mailto:chegeni-n@ajums.ac.ir
mailto:chegenin@gmail.com
mailto:majid.mohiuddin.md@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/tct


Introduction
Traditionally, radiation treatment plans have been evaluated by
physical dose indices, such as dose volume histogram (DVH)
and two-dimensional and three-dimensional spatial dose distri-
butions. However, they focus on dose distribution and do not
consider the biological effects of radiation on tumors or healthy
tissues. To improve the plane evaluation, researchers are
increasingly incorporating radiobiological indices such as
tumor control probability (TCP) and normal tissue complica-
tions probability (NTCP).1,2

TwoprominentTCPmodels arewidely used for radiobiological
plan evaluation: phenomenological and mechanistic models.
Mechanistic models use mathematical equations based on simpli-
fied radiobiology to represent how radiation affects cells. Amajor-
ity of mechanistic models assume that even a single surviving
clonogen will have the potential of growing into a viable tumor.
Therefore, TCP is achieved when all clonogenic cells are
destroyed. The Poisson dose-response model is an example of
this approach. It uses Poisson statistics to calculate the probability
of having no surviving clonogens after treatment.2

Clinical data shows that the TCP, as a function of the dose,
typically exhibits a sigmoid shape. The dose-response curve
represents a gradual rise, steep increase, and eventual plateauing
in TCP with increasing the radiation dose. Phenomenological
models capture this relationship using parameters like TCD50

(the dose at which there is a 50% chance of tumor control) and
γ50 (the slope of the TCP curve at TCD50). The logistic model
is the most common and well-established phenomenological
method for estimating the TCP in radiotherapy.2

Niemierko proposed a more complex model incorporating
the logistic function with additional parameters to account for
inhomogeneity in dose distribution. This model is known as
the “EUD-based TCP model”. Equivalent uniform dose
(EUD) represents the dose that, if delivered uniformly to the
entire target volume, would produce the same biological effect
as the actual non-uniform dose distribution.3 Originally, EUD
was developed for tumors and considered cell survival based
on the linear-quadratic (LQ) model. According to Eq. 1, if the
survival fraction of tumor cells in a non-uniform field with a
dose Di delivered to each subvolume of Vi is assumed to be
equivalent to that in a uniform field with an EUD dose applied
to the entire volume, the EUD can be determined by taking the
natural logarithm of both sides of the equation 4,5:

SFnon−uniform = e−(αEUD+βEUD2) =
∑

V
−(αDi+βD2

i )
ie (1)

To extend EUD to normal tissues, the generalized EUD (gEUD)
model was introduced. The gEUD incorporates parameter “a” to
account for dose-volume effects. This parameter determines the
sensitivity of the tumor or organ to dose heterogeneity. It influ-
ences the weighting assigned to different dose levels within the
irradiated volume and reflects how the distribution of dose across
different tissue volumes can impact the overall outcome.3,6

While used extensively in treatment planning systems (TPS),
these models have their limitations. Uncertainties in the

biological parameters used in radiobiological modeling may
lead to significant uncertainties in the predicted TCP.2,7 In add-
ition, the lack of sufficient clinical data regarding how human
tissues and tumors respond to varying radiation doses poses
challenges in obtaining accurate estimates for these parameters.
As a result, no single set of radiobiological parameters can cur-
rently predict clinical outcomes with perfect accuracy, which
limits the use of these models as the primary tool for evaluating
treatment plans.1,8 To optimize the clinical translation of these
models, a comparative assessment of their predictive capabil-
ities using identical datasets is essential. This approach allows
for the identification of strengths and weaknesses inherent to
each model, ultimately informing the selection of the most reli-
able tool for plan evaluation.

In this study, we aimed to compare the predictive accuracy of
two widely used radiobiological models, the Linear-Poisson and
theEUD-basedmodels, for breast cancer radiotherapy.Although
the optimization of the “a” parameter in the EUD-based model is
awell-established concept, our study focuses on refining this par-
ameter specifically for breast cancer radiotherapy using
large-scale clinical trial data. Previous studies have typically
employed a special value for “a” (e.g., -7.2), without consider-
ation of the specific tumor characteristics or clinical outcomes
associated with breast cancer.9–18 Our work, however, takes a
novel approach by recalibrating “a” using clinical data from
the Standardization of Breast Radiotherapy Trials (START),
providing a more accurate prediction of TCP.19,20 This tailored
approach not only improves the predictive accuracy for breast
cancer but also opens the door for more individualized treatment
planning based on patient-specific parameters.

Material and Methods

Patients
The study protocol was approved by the Institutional Ethics
Committee (Ethics code: IR.AJUMS.MEDICINE.REC.1403.035,
approved on 2024-09-25). This retrospective observational
study analyzed data from 30 patients with early-stage, left-sided
invasive ductal breast cancer who underwent treatment at
Golestan Ahvaz Hospital, Ahvaz, Iran, between 2021 and
2023. These patients did not have cancer involvement in the
lymph nodes above the supra-clavicular or axillary regions.
Computed tomography images, treatment plans incorporating
calculated dose distributions, and associated patient demo-
graphic data were obtained through collaboration with the radi-
ation oncology department. All patient information was
anonymized to protect privacy and comply with regulations
for using anonymized clinical data in research. Patient informed
consent was not required for this retrospective study.

Dose Prescription and Treatment Planning
All patients received whole breast radiation therapy using a
3D-conformal radiation therapy (3D-CRT) technique. The plan-
ning target volume (PTV) included the entire breast, extending
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from the top of the clavicular head to 2 cm below the fold beneath
the breast (inframammary line). The PTV was delineated by the
mid-sternum and mid-axillary lines as its lateral boundaries.

The treatment planning process utilized the ISOgray treat-
ment planning system (ISOgray® software, Version 4.2.3.65
L, DOSIsoft®, Cachan, France).

The prescribed radiation dose was 50 Gy delivered in 25
fractions using 6 MV photon beams through two tangential
fields (beams directed from either side of the body). The ana-
lysis of DVHs confirmed that, across all patients, 95% of the
PTV received 100% of the dose. DVHs were then generated
for each patient as input data for TCP calculations.

TCP Models
A TCP curve is created by plotting some measure of TCP
against the total dose. This may be done with clinical or experi-
mental data, or with theoretical models. Even when plotting
clinical data, a theoretical model must be used to model the
response of tumor cells to radiation therapy. Radiobiological
models predict the likelihood of tumor eradication following
radiotherapy. There are several models used for calculating
TCP in radiotherapy, each with varying levels of complexity
and suitability for different scenarios. For this study, we used
two models: the Linear-Poisson model and the EUD-based
model. TCP in these models depends on key radiobiological
parameters, including the equivalent dose in 2 Gy fractions
(EQD2), the dose required to achieve 50% tumor control)tumor
control dose 50% or TCD50), and the steepness of the
dose-response curve (γ50). The EQD2 is derived from the
TPS, while TCD50 and γ50 are selected based on published lit-
erature. See the subsequent sections for details of each model.

Linear-Poisson Model. One of the most frequently used mechan-
istic models for calculating TCP under heterogeneous irradi-
ation is the Linear-Poisson (Eq. 2).2,14,21

TCP=
∏M
i=1

exp −exp eγ50−
EQD2,i

TCD50
(eγ50− ln(ln(2)))

( )( )( ) Vi
Vref

(2)

M is the number of voxels or small volume elements within the
tumor, Vi is the volume of each independent voxel i irradiated
with dose Di, Vref is the total volume of the entire tumor, γ50 is
the gradient of the dose-response curve at 50% of tumor control,
TCD50 is the dose required to achieve a 50% chance of tumor
control and EQD2,i is the biologically equivalent total dose in
2 Gy fractions for a total dose of “ Di” delivered in “ nf” frac-
tions. EQD2,i considers the effect of fractionation on cell kill,
which can be calculated as follows:

EQD2,i = Di

α
β
+ Di

nf

( )
α
β
+ 2

( ) (3)

In this Equation, α and β are the tissue-specific parameters
representing the cell-killing effects of radiation for the linear
and quadratic components of the LQ model, respectively. α/β
ratio, expressed in Gy, indicates the dose at which linear and
quadratic components contribute equally to cell damage. A
higher α/β ratio suggests greater radiosensitivity to fraction-
ation, while a lower α/β ratio is characteristic of tissues with
more pronounced repair capacity.

EUD-based Model
As an alternative to mechanistic models, the EUD-based model
is a phenomenological method for estimating TCP (Eq. 4) 2,9,22:

TCP = 1

1+ TCD50

EUD

( )4γ50
(4)

Here, TCD50 again represents the dose required for 50% tumor
control with uniform irradiation. The EUD can be calculated
using the generalized EUD (gEUD) model as follows 6:

gEUD =
∑M
i=1

Vi

Vref
(EQD2)

a
i

( )1
a

(5)

Where “a” is the parameter describing dose–volume effect and
is related to the seriality of the organ under consideration. For
tumors, “a” typically has negative values. This indicates that
achieving tumor control is influenced by the minimum dose
received by some tumor regions. Therefore, selecting a negative
value for “a” aligns with a scenario where the control of the
tumor is somewhat constrained by the minimum dose. This is
in line with a mechanistic model of tumor control, which sug-
gests that complete elimination of all tumor cells is essential
for achieving successful tumor control.

TCP Analysis
The cumulative dose volume histograms (DVH) for each patient
were exported from the TPS. The cumulative DVHswere then con-
verted to differential DVHs and EQD2. Then, the inhomogeneous
dose distribution of different dose bin Di irradiating partial volume
Vi is reduced into a gEUD of the whole tumor volume accord-
ing to Eq. 5. Finally, the TCP values were calculated using the
Linear-Poisson model (Eq. 2) and the EUD-based model (Eq. 4).

Radiobiological Parameters. Three radiobiological parameters for
the Linear-Poisson model are γ50, TCD50, and α / β. The
EUD-based model has an additional parameter “a”, for calculat-
ing the gEUD. The most commonly used values for TCD50, γ50,
and α / β are 28 Gy9, 29 and 4 Gy14,15,23–26, respectively. In this
study, we refer to this group of parameters as the G1 group.
However, there has been debate over these parameters for breast
cancers in literature. Hence, additional calculations were per-
formed using a different set of radiobiological parameters based
on the results of clinical trials.19,20 In the second radiobiological
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parameter set (G2 group), the values of 26.71 Gy, 1.1, and 3.3
Gy were considered for TCD50, γ50, and α / β, respectively
(Table 1).19 These parameters were derived by Monte Carlo
analysis of local relapse data obtained in a conventional frac-
tionation schedule of the START trials for the treatment of early
breast cancer with 10-year follow-up.19 We applied these para-
meters to both the Linear-Poisson and EUD-based models to
assess their ability to predict TCP with the same parameter
sets, ensuring a fair comparison between models. This approach
allowed us to identify discrepancies and improve parameter
optimization, particularly for the EUD-based model, which
showed greater sensitivity to variations in the “a” parameter.

TCP Calculation. For each patient, TCP was calculated using
both models and both parameter sets (G1 and G2). The goal
was to assess the ability of the models to predict actual patient
outcomes. Here, published data from the START trials pro-
vided a reference point.20 The average local recurrence rate
(R) was reported as 6.7%[4.9, 9.2] (95% confidence between
brackets) after 10-year follow-ups, which translates to TCP of
93.3% using the following equation:

TCP = 1− R (6)

Optimizing the “a” Parameter. The “a” parameter in the
EUD-based TCP model represents a critical factor that influences
the model’s ability to predict TCP accurately. In the existing lit-
erature, a value of a=−7.2 has been widely adopted.9–18

However, our thorough review revealed no direct experimental
or clinical evidence supporting this value. Instead, this parameter
appears to have been perpetuated through repeated citation with-
out verification against robust clinical datasets. Given the lack of
empirical validation for a=−7.2, this study aimed to optimize
the parameter based on reported clinical trial data. Specifically,
we used the 10-year local relapse rate (6.7%) in breast cancer
radiotherapy as a reference point for TCP (93.3%).19 Using
this reference, we implemented a numerical bisection method
in MATLAB software (Eq. 7) to recalibrate “a” parameter within
the context of two distinct parameter sets (G1

14,15,23–26 and G2
19).

This approach allowed us to propose two new “a” values (a1 and
a2), which more accurately reflect the clinical data and improve
the performance of the EUD-based model.

gEUD =
∑M
i=1

Vi

Vref
(EQD2)

a
i

( )1
a

= TCD50
TCPtrial

1− TCPtrial

( ) 1
4γ50

(7)

Based on Guirado’s study 19, the value of TCPtrial was considered
equal to 0.933.

Finally, the TCP values obtained from all six scenarios were
compared with data from clinical studies.19,20

Statistical Analysis
Statistical analysis was performed using SPSS version 26 (IBM
Corporation, USA). The Kruskal-Wallis and the Mann-Whitney
tests were performed to determine if there were significant differ-
ences between the groups. A p-value of less than 0.05 was consid-
ered statistically significant.

Results
Table 2 summarizes the calculated TCP for all 30 patients using
four different radiobiological parameter sets obtained from the
literature. These sets are labeled as G1, G2, G1-a0, and G2-a0.

• The G1 and G2 Sets were used with the Linear-Poisson
model.

• The G1-a0 and G2-a0 Sets were used with the EUD-based
model

As can be seen from this table, the Linear-Poisson model
predicted higher values for TCP. The EUD-based model with
the G2-a0 parameter set predicted a remarkably low level of
tumor control, approximately 68.88% compared to the 93%
reported by Guirado et al.19 It is also observed that the IQR
values for both G1-a0 and G2-a0 (using the standard “a” param-
eter) were significantly larger than those for the Linear-Poisson
model.

Figure 1 compares the TCP values obtained from the
Linear-Poisson and EUD-based models using the different
literature-based parameter sets. Statistical analysis revealed sig-
nificant differences (p < 0.001) between the two models when
the same radiobiological parameters (G1 vs. G1-a0 and G2 vs.
G2-a0) were used. However, there were no significant differ-
ences in TCP predictions within each model when two different
parameter sets (G1 vs. G2 and G1-a0 vs. G2-a0) were used. In
other words, TCPs in both models are independent of the radio-
biological parameter sets.

Based on the reported clinical trial data (local relapse rate of
6.7% or TCP of 93.3% after 10 years), new values for parameter
‘a’ were calculated for both G1 and G2 parameter sets, yielding
values of a= -5.65 and a= -2.57, respectively. These new “a”
values aimed to achieve a predicted TCP that matches the clin-
ical outcome. Table 3 shows the calculated “a” values and the
resulting TCPs using the median “a” for each set. As expected,
the TCP predicted using the G2-a2 parameter set (derived from
G2 parameters) most closely matches the clinical data, because
the G2 parameter set was directly extracted from our reference
clinical study.19,20

While the Linear-Poisson model with literature-based para-
meters (G1 and G2) showed better predictive power than the
EUD-based model with the same parameter sets (G1-a0 and

Table 1. Radiobiological Parameters for Breast Cancer.

Parameter Group 1 (G1) Group 2 (G2)*

α/β (Gy) 4 3.3
γ50 (unitless) 2 1.1
TCD50 (Gy) 28 26.71

* data based on 10 year local relapse rate19.
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G2-a0), there were no significant differences between the
Linear-Poisson model and the EUD-based model when the opti-
mized “a” parameter (G2-a2) was used (Figure 2).

Discussion
Radiobiological models, such as the Linear-Poisson and
EUD-based models, are essential tools for predicting TCP
in radiotherapy. These models estimate the likelihood of
tumor control based on specific radiobiological parameters.
While both models offer valuable insights into treatment
effectiveness, their accuracy is influenced by how well their
parameters reflect clinical outcomes. Understanding how sen-
sitive these models are to specific parameters is crucial for

ensuring reliable predictions that can guide treatment deci-
sions in clinical practice.

In this study, we compared the predictive accuracy of the
Linear-Poisson and EUD-based models using two sets of

Table 2. Median and Interquartile Range (IQR) of the Calculated TCP within Each Set of Radiobiological Parameters.

TCP Model Radiobiological Parameter Sets α/β (Gy) TCD50 (Gy) γ50 a TCP-Calculated (%)

Linear-Poisson G1 4 28 2 - 95.57 (92.6-97.2)
G2 3.3 26.71 1.1 - 95.03 (93.9-96.3)

EUD-based G1-a0 4 28 2 -7.2 83.67 (1.5-93.7)
G2-a0 3.3 26.71 1.1 -7.2 68.88 (11.0-82.8)

Figure 1. Comparison of the calculated TCP using Linear-Poisson
and EUD-based model with different radiobiological parameters
obtained from the literature. The differences between all groups are
significant except for those marked as ns. (ns: non-significant, ***: P <
0.001). Statistically significant differences were abserved between the
two models when using the same radiobiological parameters (G1 vs.
G1-a0 and G2 vs. G2-a0). However, no significant differences were
observed within each model when different parameter sets (G1 vs. G2

and G1-a0 vs. G2-a0) were applied. This indicates that TCP predictions
in both models are independent of the radiobiological parameter sets.
Furthermore, as can be seen the EUD-based model exhibits a much
higher standard deviation than the Poisson model. In particular,
certain calculated TCP values are notably lower than expected.

Table 3. Median and Interquartile Range (IQR) of the Calculated
Parameter “a” and Resulting TCP for Two Different Sets of
Radiobiological Parameters.

Local Relapse
(10-year) (%)

TCP
(%)

Radiobiological
Parameter Set

“a”
Calculated

TCP*
Calculated

6.7 93.3 G1 -5.65 (-7.30
to -3.99)

94.2
(22.4-97.6)

G2 -2.57 (-3.94
to -1.89)

93.3
(92.2-94.3)

*Computed TCP by EUD-based model using the median of parameter “a”.

Figure 2. Comparison of TCP calculated by Poisson model with
EUD-based model using two new values of a= -5.65 and a= -2.57
(***: P < 0.001). Only significant differences are displayed. No
significant differences were observed between the Linear-Poisson and
EUD-based models when the optimized “a” parameter (G2-a2) was
applied. Although no statistically significant differences were observed
between the two EUD models, the use of the G1-a1 parameter set
resulted in a significantly greater standard deviation compared to the
G2-a2 parameter set. This indicates that predictions may be less stable
across individual patients, leading to potential overestimations or
underestimations of TCP for certain patients.

Mahmoudi et al 5



parameters (G1, G2) and clinical data from the START trials.
The Linear-Poisson model consistently showed better agree-
ment with clinical outcomes regardless of whether G1 or G2 par-
ameter sets were used. In contrast, the EUD-based model’s
predictions were less accurate, showing significant deviations
from clinical results for tumor control, regardless of the param-
eter set used. This highlights the EUD-based model’s sensitivity
to the “a” parameter and the need for its careful optimization to
improve predictive accuracy.

The EUD-based model with the standard parameter set (a0=
-7.2) used in previous studies 9–18 significantly underestimated
TCP compared to the clinical data. However, optimizing the “a”
parameter in the EUD-based model based on the clinical data
(a1=-5.65 and a2=-2.57) improved its predictive accuracy sub-
stantially. In comparison between the two suggested values for
“a” parameter, employing the G1-a1 parameter set results in a
markedly greater dispersion in the predicted TCP values, as
can be seen from Figure 2 and Table 3. This suggests that pre-
dictions might be less consistent for individual patients, poten-
tially leading to overestimation/underestimation of TCP for
some patients. These findings highlight the importance of the
parameter selection, especially in using the EUD-based model
for breast cancer radiotherapy.

Our proposed method for calculating the “a” parameter
based on clinical data (a1=-5.65 and a2=-2.57) offers a promis-
ing approach to improve the accuracy of the EUD-based model
for breast cancer radiotherapy. This approach aligns with the
observation that the EUD-based model with parameters derived
entirely from clinical data (G2-a2) achieved the best agreement
with observed TCP.

The primary limitation of this study lies in the small sample
size, which was restricted to pre-existing clinical data from the
START trials. While our approach focuses on introducing a
method to precisely estimate the “a” parameter, the true potential
of this method can only be fully realized with access to extensive
patient-specific DVH datasets. With larger, more diverse sam-
ples, our method could potentially determine optimal “a” values
for various cancers, allowing for more accurate clinical applica-
tion of this parameter in combination with γ50 and TCD50.

This study demonstrates the importance of identifying rele-
vant radiobiological parameters and adjusting them appropri-
ately to better predict outcomes in breast cancer radiotherapy.

Conclusion
This study proposes an optimized approach for determining the
“a” parameter in the EUD-based TCP model, which may signifi-
cantly improve its predictive power in breast cancer radiotherapy.
Using clinical trial data with a reported 10-year TCP of 93.3%,
two new values for “a” (-5.65 and -2.57) were calculated for G1

and G2 parameter sets, respectively. The recalibration of the “a”
parameter better aligns model predictions with observed clinical
outcomes, addressing a key limitation in previous studies where
the commonly used value of -7.2 lacked empirical support.

Our findings demonstrate that the recalibrated “a” values
reduce discrepancies between predicted and actual TCPs,

outperforming previous parameter estimates and providing a
more reliable framework for clinical applications. This
improvement may enhance the utility of radiobiological models
in tailoring personalized treatment plans.

While the study focused on breast cancer, the methodology
presented here may be adaptable to other cancer types, offering
a pathway to refine radiobiological models and ultimately
improve patient outcomes across diverse clinical scenarios.
Future studies can further validate this approach by exploring
larger datasets and applying it to advanced radiotherapy techni-
ques such as Volumetric modulated arc therapy (VMAT) and
intensity-modulated radiation therapy (IMRT).

Abbreviations
TCP Tumor control probability
NTCP Normal tissue complications probability
DVH Dose-volume histogram
EUD Equivalent uniform dose
gEUD generalized equivalent uniform dose
TPS treatment planning systems
EQD2 equivalent dose in 2 Gy fractions
3D-CRT 3D-conformal radiation therapy
PTV planning target volume
LQ linear-quadratic
G1 Parameter Set group 1
G2 Parameter Set group 2
START Standardization of breast radiotherapy trials
TCD50 Tumor control dose at 50%
VMAT Volumetric modulated arc therapy
IMRT Intensity-modulated radiation therapy
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