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ABSTRACT

The recent growth in technology of radiation treatment machines has
resulted in advanced radiation therapy treatment techniques that deliver
conformal dose distributions to cover treatment targets while sparing
nearby critical structures. This has further facilitated clinical trials
on dose escalation and fractionation to explore advanced treatment
strategies for further improvement in tumor control and normal tissue
toxicities. Radiobiological dose conversion plays an important role in
conventionally fractionated radiation therapy (CFRT) that employs
daily 2 Gy/fractions and stereotactic body radiotherapy (SBRT) that
employs ablative doses (8-30Gy/fraction). This work investigates
the radiobiological dose characteristics of CFRT and SBRT and the
potential application of fraction-modulated dose optimization (FMDO)
for advanced treatment planning. Physical dose distributions were
converted to the biologically equivalent dose in 2-Gy fractions (EQD2)
for tumors with an a/f ratio of 10 Gy and for normal tissues with an a/
B ratio of 3 Gy. The Prowess Panther TPS was used for the EQD2
conversion and for FMDO-based plan optimization, in which the dose,
fractionation and tissue radio-sensitivity are built in the planning
objectives. The results showed that EQD2Z in normal tissues
immediately outside the target volume was much greater than EQD2 in
the target, especially with fewer treatment fractions. The difference in
EQD2 between the target and normal tissues decreased rapidly with the
increasing distance from the target, and it reversed roughly outside
VSO%Dp, the volume receiving 50% of the prescription dose. This is an
important finding as the reversed EQD2 difference is the basis for SBRT
parameters such as R50% and for FMDO-based treatment planning,
which is beneficial to complex cases with multiple targets and
overlapping target-OAR  geometries. Realistic clinical cases
demonstrated that doses to critical structures outside V50% , could be
reduced significantly (up to 50%) with SBRT compared with CFRT
using the FMDO technique.

Keywords: Conventional fractionation radiation therapy (CFRT),
stereotactic body radiation therapy (SBRT), radiobiology, EQD2,
treatment planning, fraction-modulated dose optimization (FMDO)

INTRODUCTION

The recent development of radiotherapy (RT) equipment and treatment
techniques has led to a paradigm shift from conventionally fractionated
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radiation therapy (CFRT) that typically employs 2 Gy
daily doses to stereotactic body radiation therapy (SBRT)
that employs ablative large doses, e.g,, 8 - 30Gy/fraction
(Kavanagh and Timmerman 2005, Posky et al 2012) [1,2].
Early clinical outcomes for primary and metastatic lung and
liver malignancies have demonstrated the efficacy of SBRT
with superior local control and acceptable normal tissue
toxicities (Herfarth et al 2001, Timmerman et al 2003, 2006,
Schefter et al 2005, Hara et al 2006, Chang et al 2015) [3-8].
Radiobiological dose conversion plays an important role in
the design of SBRT plans to achieve desired tumor control
and to reduce normal tissue toxicities, and for outcome
analyses between CFRT and SBRT. For example, to achieve
the same or better tumor control for SBRT, the biologically
equivalent dose in 2-Gy fractions (EQD2) for the target
volume (assuming an o/f ratio of 10 Gy) must be equal to
or greater than the prescription dose for CFRT. To keep
normal issue toxicities below acceptable levels, the tolerance
doses for various organs and normal structures in EQD2 are
converted with corresponding /B ratios (e.g., 3 Gy for most
late-responding tissues) based on previous knowledge and
experience with CFRT (Fowler 1989, Timmerman 2008, Ma
2019) [9-11].

Itis well known that for the same physical dose distributions,
the EQD2 values converted for late-responding tissues such
as most normal tissues with a low a/f ratio of ~3 Gy can be
much different than those for early responding tissues and
most tumors with a high o/f ratio of ~10 Gy between SBRT
and CFRT (Hall 1978, Fowler 2010) [12,13]. In general,
early responding tissue proliferates quickly while late
responding tissues tend to be slower growing with a longer
cell cycle. For example, the SBRT target dose prescription of
50 Gy in 5 fractions results in an EQD2 value of 83.3 Gy for
the tumor (assuming o/B= 10 Gy), which is higher than the
typical CFRT prescription dose of 60 - 80 Gy, and 130 Gy
for normal tissues (assuming a/f = 3 Gy), which is much
higher than the normal tissue doses received in CFRT,
typically < 80 Gy. Because of such a difference in
radiobiological response (i.e., in terms of EQD2) between
tumors and normal tissues, it is expected that in SBRT a
layer of normal tissues surrounding the target volume
would also get damaged if the prescription dose to the
target is ablative. This high-EQD2 volume of normal tissues
surrounding the target (or the intermediate dose spill)
increases rapidly with the increasing target size and
decreasing dose gradient outside the target. Therefore, in
order to minimize normal tissue toxicities, it is important to
keep the target volume small and to design the SBRT dose
distribution with a sharper dose falloff outside the target
volume.

According to RTOG 0915 (Videtic et al 2015) [14],

intermediate dose spill in SBRT is quantified by R50%, which
is the ratio of the 50% prescription isodose volume to the
planning target volume (PTV). A greater R50% also indicates
a larger volume of normal tissues that receive doses equal to
or greater than 50% of the prescription dose to the target.
R50% is conceptually similar to the dose gradientindex (DGI),
which is a widely used dosimetric parameter for stereotactic
radiosurgery (SRS) treatment planning to quantify the dose
falloff outside the target (Wagner et al 2003) [15]. DGI is
calculated based on the difference of the effective radius
ofE50%’ and the
effective radius of the 100% prescription isodose volume,

of the 50% prescription isodose volume, R

Reff,100%. The effective radius of a volume is the radius of a

sphere of equal volume V (i.e, V= % JIREH). Clearly, DGl is also
concerned about nearby normal tissues that receive doses
equal to or greater than 50% of the prescription dose to the
target. However, no details have been discussed as to why
50% of the prescription dose to the target was selected as a
dose threshold to evaluate dose falloff or intermediate dose
spill for SRS/SBRT plan quality analysis.

In this work, we convert the physical doses from CFRT in 2
Gy per fraction to EQD2 for SBRT (in 1 -5 fractions) using
the linear-quadratic (LQ) model (Fowler 1989) [9] to
investigate the EQD2 characteristics of early responding-
tissues and late-responding tissues and their impact on the
target dose prescription and normal tissue constraints for
SBRT treatment planning. The differential radiobiological
responses (i.e., EQD2) between early- and late-responding
tissues are investigated including the reversal of EQD2 at
about 50% of the prescription dose in the nearby normal
tissues, which not only serve as the dosimetric basis for
the plan quality parameters such as DGI and R50% but
also provide possibilities for fraction-modulated dose
optimization (FMDO) for SBRT treatment planning. Simple
dose distributions and realistic patient plans are used to
demonstrate the EQD2 characteristics and FMDO benefits.

MATERIALS AND METHODS
The LQ model

The LQ model (Fowler 1989) [9] approximates clonogenic
cell survival fraction S as:

G = g-ad-Bd2 (1)

where d is the absorbed dose in Gy (J/kg), and a and f are
model parameters that determine the relative contributions
from the linear and quadratic components of the cell survival
curve, respectively. Parameter o is the slope of the cell
survival curve at the limit d — 0, and the o/ ratio is the dose
at which the linear and quadratic components of cell kill are
equal.
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The EQD2 formula

In CFRT, the prescription dose to the target is typically
given in 2 Gy per fraction. Therefore, most clinical outcome
data for local tumor control and normal tissue toxicities
are based on 2 Gy/fraction dose schemes. For SBRT with a
different fractional dose d, it would be useful to know the
total equivalent dose of the particular dose fractionation at
2 Gy fractions, i.e.,, EQD2 (Fowler 2010) [13]. Based on the
LQ formula of Eq. (1), EQD2 can be calculated as

EQD2 = D x (Lt ) (2)
where d is the physical dose per fraction, n is the number
of fractions for the treatment scheme and D = nd is the total
physical dose for the entire treatment course. EQD2 has been
used in designing hyper- or hypofractionated, especially
SBRT clinical trials to set up dose limits for treatment targets
and organs at risk (OAR) and in outcome analyses.

Dose Conversion for the Target and Normal Tissues

Equation (2) can be used to convert the total physical dose D
from an SBRT treatment plan to EQD2 in order to compare
with CFRT treatment plans. In SBRT planning, on the
other hand, it is often necessary to determine the physical
fractional dose d for a given number of treatment fractions n
in order to achieve the same EQD?2 (i.e., for the same tumor
control). This can be achieved by scaling the same physical
dose distribution of a given SBRT by changing the monitor
units accordingly. Thus, based on Eq. (2) we have

nd? +nd o/ - (2 + o/p) EQD2 =0 (3)

Thus, we can calculate d based on o/, n and EQD2, i.e.,

d= Jt'%wﬁﬁ’f +(2+a/B)EQD2/n . 5/8 (4)

For example, assuming o/f = 10 Gy for the target, we can
calculate the SRS/SBRT physical dose per fraction for the
target from

d= /25 +12EQDZ/n-5 (5)
Another useful dosimetric quantity for SBRT is the ratio
of the EQD2, for normal tissues to EQD2; for the target
when both receive the same physical dose, which can be
used to estimate the potential increase of normal tissue
toxicities. Based on Eq. (2) we have
. dai=i 241z
e ©

d+|i|r :+|'F_l|,|__

Assuming o/f = 10 Gy for the target and 3 Gy for normal
tissues, we can calculate this EQD2 ratio at the target
boundary as

d+3 12
Rue= (d:m?} (7)

It is clear that for SBRT, a normal tissue with a smaller o/p

than that of the target will always receive a higher EQD2
than that of the target when irradiated by a physical dose
> 2 Gy, and it increases with the fractional dose d (and the
decreasing number of treatment fractions according to Eq.
4).

The Prowess TPS

The Prowess Panther treatment planning system (version
5.60.4657, Prowess Inc.,, Concord, CA) was used in this
work to generate SBRT treatment plans and to convert
physical dose distributions to EQD2 distributions. The
dose calculation was performed using the collapsed
cone convolution (CCC) algorithm (Luong et al 2019)
[16] and the plan optimization was based on the
direct aperture optimization (DAO) algorithm (Shepard
2002) [17] for Dboth

therapy (IMRT) and volumetric-modulated
arc therapy (VMAT). The target prescription dose per
fraction was determined based on Eq. (4) and the EQD2
distribution was calculated using Eq. (2). The Panther TPS

et al intensity-modulated

radiation

also has an option to optimize a treatment plan based on
which
dose fractionation.

an existing dose distribution, enables plan

optimization with different For
example, one can optimize an SBRT plan, convert the
dose distribution to EQD2, and then optimize a CFRT plan
based on the existing EQD2 distribution to achieve a
desired target coverage and normal tissue sparing for a

combined SBRT/CFRT treatment plan.
RESULTS

We have investigated the EQD2 characteristics as a function
of the physical dose D and SBRT fractionation scheme. Figure
1(a) shows the EQD2 values converted from the physical
dose D for SBRT with the number of fractions 1, 2, 3, 4 and
5 using Eq. (2) assuming o/B = 10 Gy. Clearly, EQD2 increases
with the physical dose D, but more rapidly with a decreasing
number of fractions. Figure 1(b) shows the EQD2 values
converted from physical dose D for SBRT in 5 fractions with
an o/f ratio of 3, 5, 7 and 10 Gy. Again, EQD2 increases with
the physical dose D, but more rapidly with decreasing o/
ratios. Itis well understood that the dosimetric enhancement
(i.e., the increase in EQD2) of SBRT is more significant with
lower o/p ratios (e.g., prostate tumors and late-responding
normal tissues) and fewer treatment fractions. It is therefore
important to keep a rapid dose falloff outside the target to
reduce normal tissue toxicities.

Table 1 shows the physical fractional dose d required to
achieve an EQD2 value of 60, 80 and 100 Gy, respectively,
for SBRT with 1 to 5 fractions assuming an o/f ratio of 10
Gy for the target according Eq. (5) and the EQD2 ratio of
normal tissues to the target R  assuming an o/f ratio of 3
Gy for normal tissues according to Eq. (7). Many tumors are
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prescribed with a total physical dose D = 60 Gy in 30 fractions
for preventative, palliative or combinational treatments with
other therapies, and prostate cancer is typically treated to
76-80 Gy in 38-40 fractions with CFRT. Only SBRT dose
fractionation schemes have achieved ablative EQD2 values
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of 100 Gy and higher (e.g., for lung and liver cancers). SBRT
is also used for local tumor control, palliation or pre-surgery
tumor debulking (e.g., for prostate, pancreatic cancers) with
EQD2 of 60-80 Gy (i.e., using physical fractional dose and
fractionation schemes close to those listed in Table 1).
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Figure 1: EQD2 as a function of the physical dose D for the target assuming an o/f ratio of 10

Gy with 1, 2, 3, 4 and 5 fractions (a), and EQD2 as a function of D with 5 fractions assuming an
o/B ratio of 3,5, 7 and 10 Gy (b) calculated according to Eq. (2).

Since the EQD2 increase with the physical dose D is
linear the difference between EQD2 and the
physical dose D

not
increases rapidly at higher doses
(Figure 1). This has an interesting effect on the
EQD2 distribution of SBRT with few
treatment fractions.

penumbral

Figure 2 shows a schematic
physical dose distribution with the target (between
10 cm - 15 cm on the x-axis) receiving D = 100 Gy and
linearly decreasing penumbral doses from 100 Gy to 0
Gy on both sides from 10 cm to 0 cm and from 15 cm to
25 cm on the x-axis. The same physical dose
distribution can be re-scaled for SBRT to deliver 100 Gy
EQD2 to the target in fewer fractions. The total physical

dose (i.e., D = nd) for SBRT to achieve 100 Gy EQD2 can be

found in Table 1 (e.g., D = 30 Gy for n =1, 40 Gy for n = 2
and 56.4 Gy for n = 5). The EQD2 distributions converted
based on the re-scaled physical doses for SBRT with 1, 2
and 5 fractions assuminga homogeneous tissue with an o/
ratio of 10 Gy are shown in Figure 2(a). The penumbral
EQD2 for SBRT is much lower than the corresponding
physical dose (or a sharper dose falloff with fewer
fractions) due to the non-linear physical dose to EQD2
conversion effect, which is a reflection of the differential
radiobiological response between CFRT and SBRT (i.e., the
dose fractionation effect). The results for a uniform
phantom with o/f = 3 Gy show similar trends with more
rapid dose falloff (not shown).

Table 1: The physical fractional dose d for the target assuming an o/p ratio of 10 Gy to achieve an EQD2

value of 60, 80 and 100 Gy, respectively (Eq. 5), and the corresponding EQD2 ratio of normal tissues to the
targetR  for the same physical fractional dose assuming an o/B ratio of 3 Gy for normal tissues (Eq. 7).

# of EQD2 = 60 Gy EQD2 =80 Gy EQD2 =100 Gy
fractions d (Gy) R, d (Gy) R, d (Gy) R,
1 22.3 1.88 26.4 1.94 30.0 1.98
2 14.6 1.72 17.5 1.79 20.0 1.84
3 11.3 1.61 13.6 1.69 15.6 1.74
4 9.3 1.53 11.3 1.61 13.0 1.67
5 8.0 1.47 9.7 1.55 11.3 1.61
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The situation becomes more complicated, however, if the
target and surrounding tissues have different o/f ratios.
Figure 2(b) shows the EQD2 distributions converted based
on the re-scaled physical doses for SBRT with 1, 2 and 5
fractions assuming o/B = 10 Gy for the target and o/f = 3 Gy
outside the target. A drastic increase of EQD2 is seen at the
tissue-target boundary for SBRT with fewer fractions. For
example, EQD2 for normal tissues is almost twice of that for
a target with n =1 (R = 1.98 in Table 1). It is interesting
to note that the penumbral EQD2 decreases rapidly and the

120 -

Physbcal Dose 1005y
BEODZ 515640y
100

BEODZ 240Gy

= EODZ 11305y

Ii- ¥

- &0

% 2 5

g 50 4 1 i

£ y

3 4 N

M40

3 ) W

-9 e My

;/{ X
r Y
0 o A -
4 &
£ 2
a
a ] 10 15 i) 5 20
ezorks |om |
()

EQD2 ratio R is reversed at about 50% of the prescription
dose (50%Dp). This means that the intermediate dose spill
is likely to cause more normal tissue damage due to the
differential radiobiological response with fewer fractions
for SBRT than for CFRT. However, the normal tissues outside
the 50%Dp isodose volume will always receive lower EQD2
in SBRT than the physical dose received in CFRT. This is
an interesting observation, which can be utilized in SBRT
planning to further reduce normal tissue toxicities based
on fraction-modulated dose optimization (FMDO).
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Figure 2: The same physical dose distribution (black) rescaled to deliver Dp = 100 Gy EQD2 in the target region
between 10 cm and 15 cm using 1, 2 and 5 fractions in a uniform tissue with o/f = 10 Gy (a), and the same
physical dose distribution rescaled to deliver 100 Gy EQD2 using 1, 2 and 5 fractions with o/f =10 Gy in the
target region and o/p = 3 Gy outside the target (b).

To demonstrate the idea of FMDO, we used the Prowess
Panthers TPS to optimize physical dose distributions for the
same target/critical structure geometry and then converted
them to EQDZ2 to achieve the same target dose. Figure 3 shows
a dummy target (contours in blue) in the liver adjacent to the
heart (contours in light blue). The o/ ratio is 10 Gy for the
target and 3 Gy for the liver and the heart. Since the target is
next to the heart the intermediate dose spill for SBRT with 5

fractions (the left figure) is inside the heart with very high
EQD?2 values (yellow dose profile in the insert) immediately
outside the target volume, which can potentially damage the
heart as shown in the left figure. In contrast, the CFRT dose
distribution on the right does not have such hot doses in the

heart and presents a better dosimetric option although the
low-dose (e.g., 20 Gy) region is larger than that of the SBRT
plan on the left.

Figure 3: Comparison of dose distributions between SBRT in 5 fractions (left) and CFRT in 2 Gy fractions (right)
planned using the Prowess Panthers TPS. The target is in the liver next to the heart (contours in light blue).

The top left insert shows dose profiles along the yellow line between the red “x” signs: SBRT in 5 fractions (the

yellow curve), CFRT in 2 Gy fractions (the green curve).
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On the other hand, when a critical structure is away from
the target, SBRT with fewer fractions may provide better
dose distributions due to more favorable critical structure
sparing. Figure 4 shows a dummy target (contours in blue)
in the liver and the heart is outside the 50%Dp volume.
The o/f ratio is 10 Gy for the target and 3 Gy for the liver
and the heart. For SBRT with 5 fractions, the intermediate
dose spill falls inside the liver (the left figure), which is a
parallel organ that can tolerate much higher doses if only a

small volume of subunits is involved. The EQD2 distribution
for SBRT (the yellow dose profile in the insert) inside the
heart is more favorable than the physical dose distribution
for CFRT (the right figure), indicating that SBRT is clearly a
better dosimetric option for this scenario. The same idea can
be applied to clinical cases where serial organs may be better
spared with SBRT using FMDO in treatment planning.

Figure 4: Comparison of dose distributions between SBRT in 5 fractions (left) and CFRT in 2 Gy fractions

right) planned using Prowess Panthers TPS. The target is in the liver outside the 50%D_volume. The top left
ght) p g g » p

insert shows dose profiles along the yellow line between the red “x” signs: SBRT in 5 fractions (the yellow

curve), CFRT in 2 Gy fractions (the green curve).

DISCUSSION

In this study, we have investigated the EQD2 characteristics
for SBRT as a function of the physical dose, fractionation
and radiobiological tissue response. The non-linear EQD2
conversion from the physical dose, especially with fewer
treatment fractions and tissues with low /B ratios, results
in much faster EQD2 falloff outside the target if the target
and surrounding tissues have similar o/ ratios (Figure 2a),
which can be a significant advantage for SBRT treatments.
For example, some tumors such as prostate and sarcoma
have low o/ ratios, which are similar to those of late
responding normal tissues and may justify the use of
larger-than-standard dose fractionation in order to achieve
significant cell-kill and better normal tissue sparing with the
application of SBRT (Fowler 2001, Wang et al 2003, Cui et
al 2022, Soyfer et al 2010, Elledge et al 2021, Gutkin et
al 2023) [18-23]. Patients with sarcoma, prostate cancer
or other cancers and poor performance status or severe
co-morbidities, might benefit from attending a short
course of SBRT and reduced normal tissue toxicities due to
the sharper dose falloff with fewer treatment fractions.

A serendipitous finding is the reversal EQD2 ratio R  for

SBRT at a distance away from the target when surrounding
normal tissues have lower /B ratios than that of the target,
which is true for most treatment geometries; the EQD2 value
for SBRT is higher than the physical dose D for CFRT with D >
SO%Dp and it becomes lower for D < SO%Dp assuming o/p= 3
Gy for normal tissues and o/p = 10 Gy for the target (e.g., Fig.
2Db). This observation provides the dosimetric basis for the
plan quality parameters, DGI and R50%, for SRS and SBRT.
The EQD2 values are elevated in the surrounding normal
tissues for D > 50%Dp (i.e., the intermediate dose spill)
and, therefore, represent a higher risk for normal tissue
damage. However, these parameters are more meaningful
for dosimetry evaluation (e.g, to select a plan with a better
dose distribution) or treatment optimization (e.g., to
generate a plan with a sharper dose falloff) rather than for
normal tissue toxicity prediction. The reason is that normal
tissue toxicities are not usually observed at 50% D, for D,
< 80 Gy in CFRT or for non-ablative SBRT with EQD2 < 80
Gy. Because of the large variation of the physical prescription
dose and fractionation among clinical SBRT trials, SO%DP has
not correlated well with clinically observed normal tissue
toxicities. The concept of “red shell” has been proposed to
define and quantify normal tissue toxicities in SBRT (Yang

]
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et al 2010) [24], which is a dose zone surrounding the
target that extends outward to a region of a threshold EQD2
for normal tissue damage. The outer surface of the red shell
may be larger or smaller than the 50%Dp isodose surface
depending on the value of the threshold EQD2, which varies
with the physical dose, fractionation and /B ratio of the
tissue ranging from as high as 70 Gy to as low as 20 Gy for
certain radiosensitive tissues. In parallel-structure tissues it
can be higher for smaller volumes, e.g. EQD2 = 80 Gy in
about 2 cc (Fowler et al 2010) [25].

A good application of the reversal EQD2 ratio R for SBRT is
to design treatment plans based on fraction-modulated dose
optimization (FMDO)toimprove EQD2distributionsincritical
structures for potential normal tissue toxicity reduction.
When critical structures are located between the target and
the 50%D,, isodose surface, CFRT in 2 Gy fractions or SBRT
with more fractions will be more favorable than SBRT with
fewer fractions especially if critical structures have lower o/
ratios (to reduce the red shell volume), as shown in Figure
3. Alternatively, when critical structures are located outside
the 50%D,, isodose volume, their EQD2 distributions can be
improved using SBRT with fewer fractions than SBRT with
more fractions or CFRT, as shown in Figure 4. Furthermore,
it is possible to optimize the treatment fraction number to
achieve desirable EQD2 distributions in critical structures
depending on their o/f ratios and threshold EQD2, which
can be converted from the corresponding physical dose
constraints (Timmerman 2008, Ma 2019) [10,11]. In
particular, treatment plans including multiple targets and
critical structures with complex geometry relationships can
be optimized with FMDO to achieve better tumor control
and normal tissue toxicities. FMDO can also play a role
in treatment planning for re-irradiation scenarios where
critical structure sparing takes a high priority. FMDO can be
combined with other inverse planning strategies in which
patient-specific radiosensitivities of tumors and normal
tissues are directly factored into the optimization objective
for advanced radiotherapy treatment (Polan et al 2022)
[26]. Finally, it is necessary to point out that there are large
uncertainties in the o/f values for most clinically relevant
tissues (Fowler 1989, Wang et al 2003, Cui et al 2022, Ma
2023, Steel GG 2002) [9,19,20,27,28] and therefore FMDO
should be used with caution in a clinical setting.

CONCLUSIONS

In this work, we have investigated the EQD2 characteristics
as a function of physical dose, fractionation and tissue
radiosensitivities. The results show that the non-linear
conversion from physical dose to EQD2 can lead to sharper
dose falloff for SBRT dose distributions with fewer fractions
when the target and surrounding tissues have similar o/p

ratios. CFRT or SBRT with more fractions are more suitable
for treatment geometries where the target and surrounding
tissues have very different radiosensitivities and there are
critical structures inside the target volume or immediately
adjacent to the target. The reversal of the EQD2 ratio of
normal tissue to the target R  on the penumbral dose region
provides additional benefits for SBRT with fewer fractions
to improve EQD2 distributions in surrounding normal
tissues (to reduce the red shell volume). Fraction-modulated
dose optimization has the potential to combine with other
treatment planning techniques to further improve local
tumor control and normal tissue toxicities for advanced
radiation therapy.
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