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ORIGINAL ARTICLE

Estimation of the effect of target and normal tissue
sparing based on equivalent uniform dose-based
optimization in hypofractionated radiotherapy for

lung cancer”

Ying Shao', Fuli Zhang? (<), Shi Wang?, Weidong Xu?, Jing Jiang'

! Deparment of Radiotherapy, The Seventh Medical Center, PLA General Hospital/Beijing Tsinghua Changgeng
Hospital affiliated to Tsinghua University, Beijing 102218, China

2 Department of Radiotherapy, The Seventh Medical Center, PLA General Hospital, Beijing 100700, China

3 Department of Engineering Physics, Tsinghua University, Beijing 100084, China

Abstract

Objective  This study aims to investigate the dosimetric differences among four planning methods of

physical and biological optimization in hypofractionated radiation therapy for non-small cell lung cancer

(NSCLC).

Methods Ten NSCLC patients receiving radiation therapy were chosen for this retrospective study.
Volumetric modulated arc treatment plans for each patient were remade with dose-volume (DV) functions,
biological-physical functions, and biological functions, using the same constraint parameters during
optimization. The dosimetric differences between the four types of plans were calculated and analyzed.
Results For the target, equivalent uniform dose (EUD) of the EUD and EUD + DV groups was
approximately 2.8%-3.6% and 3.2%-3.7% higher than those of the DV and DV + EUD groups, respectively.
The average tumor control probability (TCP) of the EUD and EUD + DV groups was also significantly higher
than those of the other two groups (P < 0.05). The difference in heterogeneity index (HI) among the four
groups was also statistically significant (P < 0.05), while the difference of conformity index (C/) was not
significant (P > 0.05). For the organs at risk, the differences of EUD, Vs, V1o, V2o, V30 Of normal lung tissues
were not statistically significant (P > 0.05); however, the mean lung dose of the EUD and EUD + DV groups
was slightly lower than those of the other two groups.

Conclusion The biological optimization method has obvious advantages of improving EUD and TCP of
the target, while decreasing the exposed dose of normal lung. This result is meaningful in choosing plan

Received: 14 June 2019
Revised: 27 August 2019
Accepted: 20 September 2019

Key words:

optimization methods in routine work.
non-small cell lung cancer (NSCLC); equivalent uniform dose (EUD); hypofractionated
radiotherapy; plan optimization

Currently, several commercial treatment planning
systems (TPS) including Eclipse, Pinnacle, Monaco, and
Raystation can perform accurate dose optimization and
calculations in radiation therapy of various cancers.
However, most of the TPSsonly use the dose-volume (DV)-
based physical functions when optimizing the inverse
intensity modulated radiotherapy (IMRT) treatment
plans. The main drawback of this optimization is that it
does not represent the nonlinear response of the tumor

and normal tissue to the irradiation. Furthermore, when
calculating the dose, they all act on a certain point on the
dose curve through the preset physical function !, which
has certain limitations and cannot regulate the overall
dose distribution of the target or organs at risk (OAR).
The biological function based on equivalent uniform
dose (EUD), which involves the biological parameters
of the interaction between irradiation and tissues, may
compensate for the limitation of simple physical function

P4 Correspondence to: Fuli Zhang. Email: radiozfli@163.com

* Supported by a grant from thek Project of Beijing Municipal Science & Technology Commission (No. Z181100001718011).

© 2019 Huazhong University of Science and Technology
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optimization to some extent. This study intends to
compare the results of different planning optimization
methods based on physical function, physical function
and biological function, and biological function, as well
as the impacts of the different biological parameters on
the target EUD and tumor control probability (TCP).
The differences between the four different optimization
methods in the stereotactic radiotherapy plan for lung
cancer were evaluated to provide a dosimetric reference
for clinical applications.

Materials and methods

Methods

EUD is a biological dose concept related to tissue
biological characteristics proposed by Niemierko et al. It
is defined as follows: for an anatomical structure exposed
to nonuniform doses, the resulting radiobiological
effects can be equivalent to a uniform dose distribution.
This uniform dose is called EUD *¥ for uneven dose
distribution. EUD is a concept linking physical dose with
TCP and normal tissue complication probability (NTCP)
B, The formula for the EUD mlodel is as follows:

1 aya
EUD= (7. D7) Q)

The formula applies to both tumor and normal tissues.
Here, Nis the number of voxels in the region of interest
(ROI), D, is the dose of the i voxel in the ROI, and a is
a biological characteristic parameter describing the dose-
volume effect of the tumor or normal tissue. It was found
that when a — +o0, the EUD converged to the maximum
dose Dmax in the ROI region. From a clinical point of
view, when ais given a large value, the high dose point in
the ROI can be reflected by the EUD. When a — —, the
EUD converges to the minimum dose Dmin of the ROI
region. When EUD is used to evaluate the absorbed dose
in the target region, a negative a-value is given. The cold
spot of the absorbed dose is clearly reflected by the EUD.
Similarly, when a— 1, EUD is equivalent to the arithmetic
average dose, and when a — 0, the EUD converges to the
geometric mean of the entire calculated volume dose. For
tumor tissues, a is usually taken as a negative value with
a large absolute value; for serial OAR, a is usually taken
as a positive value with a large absolute value, while for
parallel OAR, a is usually taken as a positive value with
a small absolute value “?®. In this experiment, in order
to show the relationship between the value of a and the
dose-response of the target and lung tissues, the value of
a for the target was selected to be in the range of —100
to —10, with intervals of 10; for lung tissue, the value of
a was selected to be in the range of 0.1 to 1.0, and the
interval were 0.1.

The widely used TCP calculation formula is as follows:

http://otm.tjh.com.cn

1
- 2
TCP TCDSO 4YS0 ( )
14 (0

EUD )

Here, TCDs, is the dose required for a tumor control
rate of 50%, and ys is the slope of the S-shaped dose-
response curve of tumor tissue. 7CDsoand )50 are obtained
from published clinical data. In this study, five groups of
TCDsy and s values in the literature were selected ’; the
calculated TCP results for each group were compared and
analyzed.

The NTCP model is based on the TCP model assuming
that there is no volume effect between the voxels of
normal tissues . NTCP calculation formula is similar to
TCP:

NTCP = 3)

TDs, 4ys
o

In the formula, TDsis the dose at which the probability

of normal tissue complications reaches 50%, and s is the

slope of the S-shaped dose-response curve of normal

tissue, which can be replaced by 75—, where m is

derived from the LKB model and parameters related to
the slope of the dose-response curve were also obtained
from reported clinical data!'!l.

Treatment plan design

The CT images of 10 patients with non-small cell
lung cancer (NSCLC) who had undergone radiation
therapy were selected. The volumetric arc intensity
therapy (VMAT) plan was designed using the Monaco
system (version 5.11, ElektaAB, Stockholm, Sweden).
The Monaco system can provide constraints based on
both physical and biological functions. Four groups of
plans were designed for each case: physical function
constrained group (DV group) for both target and OAR,
physical function for target and biological function for
OAR constrained group (DV + EUD group),biological
function for target and physical function for OAR
constrained group (EUD + DV group), and biological
function constrained group (EUD group) for both target
and OAR. The prescription dose was 60 Gy/10 f!'*, and
it was ensured that the prescribed dose could enclose
at least 95% of the target volume. The beginning angle
of the gantry was set to 180°; one partial arc was 200°,
two arcs per plan; the control point number was set as
120; the minimum calculation grid was 0.2 cm; and the
calculation uncertainty was set to 1%. When the four
groups of plans were optimized, they were consistent in
terms of calculation parameters, dose-volume constraints
for target, and OAR.
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Calculation and statistical analysis

The Matlab software (version 2015a, MathWorks, US)
was used to calculate the following values based on the
treatment plan: (1) target EUD for each group of plans,
taking a in the range of —100 to —10 with an interval of
10; (2) target TCP for each group under different target
TCDso/yso combinations ; (3) NTCP of normal lung
(lung-GTV) tissue, taking a in the range of 0.1-1.0 with
an interval of 0.1. In addition, the homogeneity index
(HI), conformity index (CI) of the target and the dose-
volume parameters of the OAR were compared.

The calculation formula for the target HI was:

D 0, _D 0,
HI =—"5—=5x100% 4)
50%

Dy, represents the maximum dose in the target, Dogo
represents the minimum dose in the target, and Dsoy is
the median dose in the target"®); the calculation formula
for the target CIwas:

cI= Tri  VLpi )
T Pi

Where V7 p represents the target volume enclosed by
the prescription dose, V7 represents the volume of the
target, and Vp represents the volume enclosed by the
prescription dose. Statistical analyses were conducted
using SPSS 20.0 for one-way analysis of variance. When
P < 0.05, the difference was considered statistically
significant.

Results

Tumor target
Table 1 shows the results of the PTV in the four groups
of plans, where Vg is the percentage of the volume of
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the PTV wrapped by the prescription dose. It was found
that Dy, and Dsp, were higher in the EUD group and
EUD + DV group than in the DV group and the DV +
EUD group (P < 0.05), while the Vi and Desy, showed
no significant difference (P > 0.05). Because the EUD
function has a more powerful effect on the cold spot dose
when performing target dose calculation®, the result was
closely related to the optimization characteristics of the
EUD function.

Table 2 shows the EUD values of the target areas for
the four groups of plans obtained when a different a-value
was selected. It could be found that the EUD values of the
EUD group and the EUD + DV group were significantly
higher than those of the DV group and the DV + EUD
group by 2.8%-3.6% and 3.2%-3.7%, respectively (P <
0.05). As the value of a decreases, the mean EUD of the
four groups of plans also tended to decrease slightly,
which specifically reflected the relationship between
the a-value and EUD. The target TCP results for the four
groups of plans are listed in Tables 3a-3d. It was found
that the difference among the groups was statistically
significant (P < 0.05) when the target area TCP values
under different TCDso/)s combinations in the four
optimization methods were compared, showing that
the value of TCDsy/yso had a greater impact on TCP. The
statistical analysis results of A7 and CIin the four groups
are listed in Table 4. Through comparison and analysis,
HI and CI were better in the DV + EUD group, and the
difference in HIbetween the four groups was statistically
significant (P < 0.05), whereas the difference in CI was
not (P> 0.05).

In addition, regardless of the value of a and TCDso/ s,
the average TCP values of the EUD and EUD + DV groups

Table 1  Comparison of PTV parameters in four groups of plans

DV group DV + EUD group EUD group EUD + DV group P value
Vo (%) 97.75+1.02 98.45+1.40 98.21+1.72 98.04 +1.79 0.770
Dy (Gy) 63.64 £0.38 63.66 £ 0.33 64.84 + 0.62 65.05+0.13 0.000
Doy, (Gy) 59.98 +0.22 60.18 £ 0.35 60.28 + 0.96 60.20 + 0.86 0.781
Dsox (Gy) 61.88 £0.13 61.94+0.18 63.94 + 0.61 63.26 + 0.29 0.000
Table 2 EUD calculations results for four plan optimization methods with different a-values
avalue DV group (Gy) DV + EUD group (Gy) EUD group (Gy) EUD + DV group (Gy) P value
-10 89.56 + 0.549 89.69 + 0.334 92.47 +1.431 92.85+0.616 0.000
-20 89.40 £ 0.518 89.55 +0.329 92.30 + 1.433 92.68 + 0.658 0.000
-30 89.24 +£0.492 89.42 +0.327 9213 £1.434 92.50 + 0.700 0.000
-40 89.08 + 0.471 89.29 + 0.327 91.97 +1.435 92.33+0.740 0.000
-50 88.93 + 0.455 89.16 + 0.328 91.80+1.435 9216 +0.779 0.000
-60 88.77 + 0.447 89.03 +£0.331 91.64 +1.434 92.00 +0.817 0.000
-70 88.62 £ 0.446 88.91 £ 0.334 91.48 +1.434 91.84 + 0.853 0.000
-80 88.47 + 0.454 88.79 + 0.339 91.33+1.434 91.68 + 0.888 0.000
-90 88.32+0.471 88.67 + 0.344 9117 £ 1.435 91.53 + 0.921 0.000
=100 88.18 + 0.496 88.55 + 0.349 91.03 + 1.437 91.39 + 0.952 0.000
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Table 3a TCP comparison of DV group with different TCDso/yso values

http://otm.tjh.com.cn

avalue TCDsolyso=36.50/0.72  TCDsolyso = 54.92/2.04  TCDsolyso = 51.87/217  TCDsolyso = 51.97/1.81  TCDsolyso = 49.12/1.25 P value
-10 92.988 + 0.115 98.182 + 0.089 99.133 £ 0.046 98.091 + 0.083 95.269 + 0.138 0.000
-20 92.955 +0.109 98.156 + 0.086 99.120 £+ 0.044 98.067 + 0.080 95.229 +0.132 0.000
-30 92.921 +£0.104 98.130 + 0.082 99.106 + 0.042 98.042 £ 0.076 95.189 + 0.126 0.000
—40 92.888 + 0.100 98.104 + 0.080 99.093 + 0.041 98.018 + 0.074 95.149 + 0.122 0.000
-50 92.855 + 0.097 98.077 £ 0.078 99.079 + 0.040 97.993 £ 0.072 95.108 £ 0.118 0.000
-60 92.822 + 0.096 98.051 +£0.078 99.065 + 0.040 97.969 + 0.072 95.068 + 0.117 0.000
=70 92.789 + 0.097 98.023 + 0.079 99.052 + 0.041 97.944 +0.073 95.028 +£0.118 0.000
-80 92.756 + 0.099 97.996 + 0.082 99.037 + 0.042 97.919 + 0.075 94.987 +0.122 0.000
-90 92.723 £ 0.104 97.969 + 0.086 99.023 + 0.045 97.894 + 0.079 94.947 £ 0.128 0.000
=100 92.690 £ 0.110 97.941 + 0.093 99.009 + 0.048 97.868 + 0.086 94.906 + 0.136 0.000
Table 3b TCP comparison of DV + EUD group with different TCDs/ys values

avalue TCDsolyso=36.50/0.72  TCDsolyso = 54.92/2.04  TCDsolyso = 51.87/217  TCDsolyso = 51.97/1.81  TCDsolyso = 49.12/1.25 P value
-10 93.016 £ 0.070 98.204 + 0.054 99.144 +0.028 98.111 £ 0.050 95.303 + 0.084 0.000
-20 92.987 +0.069 98.183 + 0.054 99.133 £ 0.028 98.091 £ 0.050 95.269 + 0.083 0.000
-30 92.959 + 0.069 98.161 + 0.054 99.122 + 0.028 98.071 + 0.050 95.236 + 0.083 0.000
-40 92.932 £ 0.069 98.139 + 0.055 99.111 £0.028 98.051 £+ 0.051 95.202 + 0.083 0.000
-50 92.905 £ 0.070 98.118 + 0.055 99.100 £ 0.028 98.031 £ 0.051 95.170 + 0.085 0.000
-60 92.878 £ 0.071 98.096 + 0.057 99.089 + 0.029 98.011 + 0.052 95.137 £ 0.086 0.000
-70 92.851 +£0.072 98.075 + 0.058 99.078 + 0.030 97.991 + 0.053 95.104 + 0.087 0.000
-80 92.825+0.073 98.053 + 0.059 99.067 £ 0.031 97.971 £ 0.055 95.072 + 0.089 0.000
-90 92.798 £ 0.074 98.032 + 0.062 99.056 + 0.031 97.951 £+ 0.056 95.040 + 0.091 0.000
=100 92.772 £ 0.076 98.010 + 0.062 99.045 +0.032 97.932 + 0.057 95.008 + 0.093 0.000
Table 3c TCP comparison of EUD group with different TCDso/yso values

avalue TCDsolyso=36.50/0.72  TCDsolyso = 54.92/2.04  TCDsolyso = 51.87/2.17  TCDsolys0 = 51.97/1.81  TCDsolyso =49.12/1.25 P value
-10 93.559 + 0.273 98.584 + 0.185 99.337 + 0.093 98.471+0.176 95.929 + 0.311 0.000
-20 93.528 + 0.275 98.563 + 0.187 99.326 + 0.094 98.451+0.178 95.894 + 0.314 0.000
=30 93.496 £ 0.277 98.542 £ 0.190 99.316 £ 0.096 98.431£0.180 95.859 + 0.316 0.000
-40 93.465 +0.278 98.521 +0.192 99.305 + 0.097 98.411 +£0.182 95.823 +0.319 0.000
-50 93.433 £0.279 98.499 + 0.194 99.294 + 0.098 98.390 + 0.184 95.787 + 0.321 0.000
-60 93.402 + 0.281 98.478 £ 0.197 99.283 + 0.100 98.370 + 0.186 95.750 + 0.324 0.000
=70 93.371£0.282 98.456 + 0.199 99.272 £ 0.101 98.350 £ 0.188 95.715 £ 0.326 0.000
-80 93.340 £ 0.284 98.435 + 0.202 99.261 +0.102 98.329 £ 0.190 95.680 + 0.329 0.000
-90 93.311+£0.285 98.414 £ 0.204 99.251 £ 0.104 98.310 £ 0.193 95.645 + 0.322 0.000
-100 93.282 + 0.287 98.394 + 0.207 99.240 + 0.105 98.290 + 0.195 95.612 + 0.334 0.000
Table 3d TCP comparison of EUD + DV group with different TCDs/ys values

avalue TCDsolyso=36.50/0.72  TCDsolyso = 54.92/2.04  TCDsolyso = 51.87/217  TCDsolyso = 51.97/1.81  TCDsolyso = 49.12/1.25 P value
-10 93.64 £0.113 98.63 £ 0.072 99.36 £ 0.036 98.52 £ 0.070 96.02 £0.126 0.000
-20 93.60 + 0.122 98.62 +0.078 99.35+0.039 98.50 + 0.070 95.98 +0.136 0.000
=30 93.57 +0.130 98.60 + 0.084 99.34 + 0.042 98.48 + 0.081 95.95 + 0.146 0.000
-40 93.54 £0.139 98.58 +0.090 99.33 £ 0.046 98.46 + 0.087 95.91 £ 0.156 0.000
-50 93.51 £ 0.147 98.55 +0.097 99.32 £ 0.049 98.44 +£0.093 95.87 £ 0.166 0.000
-60 93.48 +0.155 98.53 +0.103 99.31 +£0.052 98.42 +0.099 95.84 +0.175 0.000
=70 93.44 +0.163 98.51+0.109 99.30 + 0.055 98.40 + 0.104 95.80+0.185 0.000
-80 93.41+0.170 98.49 £ 0.115 99.29 +0.058 98.38 £ 0.110 95.77 £0.194 0.000
-90 93.38£0.178 98.47 £ 0.121 99.27 £ 0.061 98.36 £ 0.115 95.73 £0.203 0.000
-100 93.36 £ 0.185 98.45 +0.127 99.26 + 0.064 98.34 £ 0.121 95.70 £ 0.211 0.000
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Analysis results of TPC of four optimized methods
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Fig. 1

were always higher than those of DV and DV + EUD
groups (Fig. 1). It could be seen that the EUD group had
an absolute advantage in improving the TCP of the target
area and was greatly affected by the value of TCDs/yso.

Organs at risk

Table 5 shows the dose-volume parameters of OAR.
There were no significant differences among the four
groups (P > 0.05). As shown in Fig. 2, in the range of 0.1
to 1.0, the EUD of normal lung tissue tended to increase
with the increase of the a-value in the four optimization
methods. When the a-value was kept unchanged, the
EUD mean values of lung tissue demonstrated no obvious
difference, except for the EUD + DV group.

This study also compared the number of monitor units

Table 4 HI/Cl values for the four plan optimization methods

Results of tumor control probability (TCP) for the four optimization methods

16 Average EUD of normal lung tissue in four optimized methods
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Fig.2 EUD value of normal lung tissue of the four optimization methods

DV group DV + EUD group EUD group EUD + DV group P value

HI 0.060 + 0.008 0.057 +0.008 0.072+0.014 0.077 £0.015 0.001

Cl 0.730 + 0.063 0.697 +0.095 0.703 + 0.095 0.703 + 0.088 0.957
Table 5 Dose-volume parameters of OAR under four optimization scenarios

DV group DV + EUD group EUD group EUD + DV group P value

Lung Dmean (Gy) 590 +1.135 6.02+1.211 591+1.116 5.80 + 1.036 0.966
Lung Vs (%) 33.26 +8.845 32.82 +8.679 34.26 + 8.959 33.91+£8.789 0.983
Lung Vi (%) 21.54 +4.948 22.02+5.235 21.46 + 4.668 21.50 £5.020 0.994
Lung Va (%) 13.07 £2.203 13.54 £1.842 13.14 £ 2.240 12.86 £ 2.072 0.908
Lung V3 (%) 10.19 £ 1.730 10.74 £1.673 10.51 £2.019 10.26 + 2.069 0.908
Heart Vs (%) 3.97 £8.315 3.19+£8.974 3.75 £ 9.620 3.83+£9.736 0.998
Heart Vi (%) 1.80 £4.753 1.68 +5.078 1.36 £4.215 1.49 £ 4 477 0.997
Heart Dmean (Gy) 2.79 + 3.068 2.74 £3.209 2.74 £3.112 2.90 £3.277 0.999
Cord Dmax (Gy) 9.23+7.120 9.07 + 6.682 9.33 +6.882 9.79 +7.530 0.996
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Table 6 Comparison of the MU number and execution time for the four optimization methods

DV group DV + EUD group EUD group EUD + DV group P value
MU 1808.97 + 259.33 1799.67 + 241.27 1387.12 + 122.66 1450.96 + 190.26 0.000
Delivery time (min) 3.08 +0.397 3.17 £ 0.359 245+0.271 2.61+0.341 0.000

(MUs) and plan-delivery time of the four optimization
methods. As shown in Table 6, the MUs and delivery
time of the EUD and EUD + DV groups were significantly
lower than those of the other two groups (P < 0.05),
showing that using the EUD function for the target area
during the optimization was more efficient among the
four optimization methods.

Discussion

Since physical optimization is more direct than
biological optimization, the dose-volume objective
function is more convenient to use in clinical practice ..
However, the interaction between tissue and X-ray is a
very complicated process. The EUD model and the TCP/
NTCP model proposed by Niemierko et al>3* have been
considered to be related to the biological characteristics
of tissues to some extent. The biological function
optimization method based on the above model has
some advantages in reflecting the biological response of
the tissue to radiation compared to the physical function
optimization method. The results of this study showed
that the EUD, Dy, Dsow, and Dogo, of PTV in EUD and
EUD + DV groups were higher than those in the other
two groups. In other words, the target doses of both
groups were generally improved. The authors believe
these characteristics of the a-value that explain this result.

This study compared the results of four planning
optimization methods for 10 patients with NSCLC
and found that the EUD and TCP optimized using the
biological function were significantly higher than those
optimized by the physical function. At the same time,
the mean dose of lung tissue was lower and there was
a small difference in the dose of heart and spinal cord.
This means that, given the same prescription dose and
the same constraints, biological function optimization
programs can ensure the target area achieves a higher
biological effect without increasing the dose on normal
tissue. In this way, the therapeutic gain ratio of treatment
can be improved to a certain extent, and its advantages
can be better reflected in hypofractionated radiotherapy.
In addition, through this study, we found that biologically
optimized plans are more efficient to implement. Studies
have shown that ®, when the EUD function is used for
the target area alone, the cold spot is overemphasized
in the optimization process, and the constraints on the
hotspot are weak. That is to say, in order to keep the dose

at each point not lower than the prescription dose, the
overall dose in the target area has to be increased, thus the
hotspot in the target area tends to be out of control; thus
it is not recommended to apply the EUD function alone
for the target area during the optimization. In this study,
no uncontrollable situation occurred when only the EUD
function was used for target area in the optimization. The
reason may be that a global hot spot control structure
“patient” is used. In this study, five groups of TCDso/ys0
values were selected from the study of Okunieff er al®. In
the four optimization methods, although the TCP values
reached highest when TCDs/ys0=51.87/2.17 is chosen, this
combination is more suitable for adenocarcinoma, not for
squamous carcinoma. In contrast, TCDso/ys= 51.97/1.81
is applicable to all NSCLC cases ), thus, the value of
this combination is recommended for TCP calculations.
However, to draw more convincing conclusions, we need
to increase the sample size for further study.

In general, compared to the physical optimization,
biological optimization has obvious advantages in
improving the EUD of the target area and delivery
efficiency. This makes the target area achieve a higher
biological effect while the irradiated doses of the normal
tissue do not increase as a result, being more advantageous
in hypofractionated radiotherapy. Mihaylov et al ¥
conducted a comparative study of physical and biological
optimization for prostate cancer cases; it was found that
biological optimization significantly increased the target
dose while sparing more volumes of OAR. The reason
why our results differed from those of some previous
studies may be that the same constraints are applied to
the same structure in the four optimizations, only the
used functions are different, and the differences in the
functions themselves may not have obvious influence.
In addition, the planners’ flexible application ability and
experience of various physical and biological functions are
also important in embodying the advantages of biological
optimization. Nahum et al ™ believes that the two-
dimensional dose-volume histogram (DVH) data used in
the LKB model do not fully represent the dose distribution
in three-dimensional space, while the Marsden TCP
model also assumes that all clonal cells in each treatment
have the same radio sensitivity. Therefore, the currently
used biological optimization model only reflects the
biological response of different tissues to X-rays to some
extent, and there are still some defects and deficiencies.
Nevertheless, with the development of technology and
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the discovery of more biological optimization models,
biological optimization will show more advantages in
radiotherapy.
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Objective  Our study aimed to analyze the expression of miR-564 and TGF- 31 in cancer tissues and the
serum of patients with radiation-induced lung injury, and to investigate the relationship between them and
radiation-induced lung injury.

Methods In situ hybridization and real-time fluorescence quantitative method were used to detect the
expression of miR-564. Additionally, immunohistochemistry and enzyme-linked immunosorbent assay
(ELISA) were performed to detect the expression of TGF- 31.

Results The overall incidence of acute radiation pneumonia was 55.9% (100/179). The incidence of
> grade 2 radioactive pneumonia was 24.0% (43/179) and that of grade 1 was 31.8% (57/179). The
expression of miR-564 in grade = 2 was slightly higher than that in patients without or with grade 1, but
there was no statistical difference (P = 0.86). The serum level and ratio of miR-564 in patients with grade
= 2 were significantly higher than those without or with grade 1 (P = 0.005, P = 0.025, respectively). The
expression of TGF- 31 in grade = 2 was significantly higher than that of patients without or with grade 1 (P =
0.017). The serum levels of TGF- 1 in grade = 2 were significantly higher than those in patients without or
with grade 1 (P = 0.038). Although the ratio of TGF- 31 in radiation pneumonia of grade = 2 was significantly
higher than that of without or with grade 1, there was no significant difference (P = 0.24). Moreover, patients
with higher expression of miR-564 and lower expression of TGF-B1 had better prognosis.

Conclusion MiR-564 and TGF-B1 are predictors of radiation-induced lung injury. Monitoring its changing
trend can improve the accuracy of predicting radiation-induced lung injury. The levels and ratio of serum
miR-564 and TGF- 31 in patients with radiation-induced lung injury are related to the severity of radiation-
induced lung injury.

Key words:  radiation-induced lung injury; miR-564; TGF-B1

Radiation-induced lung injury is the most common
side effect of chest cancer radiotherapy. It includes
early inflammatory reaction and late fibrosis, which
seriously affect the quality of life of patients and become
the bottleneck of increasing the dose of radiotherapy;
however, its underlying mechanism is unclear %
Exploring the mechanism of radiation-induced lung injury

has become an interesting research topic at present. In
recent years, studies have shown that radiation-induced
lung injury results from the interaction of many kinds of
cells, cytokines, and signaling pathways . It has been
proved that transforming growth factor-p1 (TGF- f1) is
a predictor of radiation-induced lung injury, which can
activate fibroblasts to differentiate into myofibroblasts,
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promote matrix synthesis, produce large amounts of
collagen, and mediate radiation-induced lung injury B
Wang et al'® found that with increase in radiation dose,
the plasma level of TGF-PB1 was consistently higher than
the baseline level, and the level of TGF-f1 was closely
related to grade 2 radiation-induced lung injury. However,
only a few studies have been conducted to evaluate the
relationship between microRNA (miRNA) and radiation
lung injury, and limited studies have explored the
combination of miRNA and TGF-B1 in radiation lung
injury. It is not clear whether a correlation between them
exists. This study is based on our previous findings that
miR-564 serves as a negative regulatory gene in lung
cancer . However, it is not clear whether miR-564
and TGF-B1 are involved in the regulation of radiation-
induced lung injury. In this study, we investigated the
expression of miR-564 and TGF-f1 in tumor tissues and
the blood of patients with radiation pneumonitis, and we
explored the relationship between their expression levels
and radiation-induced lung injury.

Materials and methods

Participants

From November 2014 to December 2016, patients
with pathologically confirmed non-small cell lung cancer
(NSCLC), whoreceived intensity-modulated radiotherapy
(IMRT) at the Hubei Cancer Hospital, and were assessed
to have a KPS score > 70 and expected survival time of
more than 6 months were enrolled in this study. There
were 100 male and 81 female patients with a median age
of 59 years (27, 87 years). Among the patients, there were
121 smokers and 60 non-smokers, 87 adenocarcinoma, 73
squamous cell carcinoma, 21 adenosquamous carcinoma,
97 stage III A, and 84 stage III B lung cancer patients
(according to the 8th stage of lung cancer). In addition,
94 cases were central type, 87 were peripheral type, 165
subjects received chemotherapy (74 subjects received
concurrent chemotherapy), and 16 subjects did not
receive chemotherapy. The general information for the
patients is shown in Table 1.

Radiotherapy plan

All the patients were treated using Varian accelerator
23EX, with target dose of above 56 Gy, 1.8-2.0 Gy/F,
administered once a day, and 5 times a week, and
all patients were treated with intensity modulated
radiotherapy (IMRT). To delineate the primary lung
lesionsat the pulmonary window (GTV) and the metastatic
lymph nodes in the mediastinal fenestra (GTVnd), GTV
exoduses 6 mm, 8 mm, and the corresponding regions of
the metastatic lymph nodes CTV. CTV exoduses 3 mm as
PTV; V20 < 28%, V5 < 60% in both lungs, D2 < 40 Gy in
spinal cord, V30 < 40%, V40 < 30% in heart.
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Table 1 The baseline characteristics of 181 patients with lung cancer

Clinical characteristics No. of patients %
Gender

Male 100 55.2

Female 81 448
T staging

™ 15 8.3

T2 38 21.0

T3 69 38.1

T4 59 326
N staging

NO 8 44

N1 26 14.4

N2 66 36.5

N3 81 447
Pathological type

Adenocarcinoma 87 481

Squamous cell carcinoma 73 40.3

Adenosquamous carcinoma 21 11.6
Clinical staging

A 97 53.6

1B 84 46.4
Gross type

Central type 94 51.9

Peripheral type 87 48.1
Chemotherapy (yes/no)

Yes 165 91.2

No 16 8.8
Curative effect evaluation

CR 48 26.8

PR 107 59.8

SD 22 12.3

PD 2 1.1
Radiation pneumonia

Grade 1 57 31.8

Grade 2 or above 2 43 24.0

Main reagent

The reagents used were RecoverALL Total Nucleic Acid
Isolation Kit (Ambion) kit, Probe Mix (ABI Company),
TagMan probe (ABI), miScript SYBR Green PCR Kit
(Qiagen Company), TGF- § 1 Antibody (Beijing Boosen
Biotechnology Co., Ltd.), TGF- 1 ELISA Kit (Xinbosheng
Biotech Co., Ltd.), SP Kit (Beijing Zhongshan Jingiao
Biotechnology, Limited), and mirVanaTM PARISTM kit
(American Applied Biosystem company product).

Serum collection

Before radiotherapy, 2 weeks, 4 weeks, 6 weeks, 2
weeks, 4 weeks, 6 weeks, 8 weeks, 5 mL, and 4 °C cold
storage of cubital venous blood were collected. A 4 °C low
temperature centrifugation of —80 °C supernatant at 1000
g for 10 min was performed within 12 h.
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RNA extraction from paraffin samples and
serum samples

Paraffin slices were dewaxed using xylene, and xylene
was removed using ethanol and dried at room temperature,
and 200 pL was added to digest buffer. Digestive enzyme
of 4 pL was heated at 50 °C for 15 min, and then heated
again at 80 °C for 15 min. Next, nucleic acid separation
additive of 240 pL was added, centrifuged rinsed with
Wash1l and Wash2 respectively, and then digested and
purified using nuclease. Serum sample of 400 pL per
copy was extracted using the method described in the
instruction manual of mirVanaTM PARISTM kit, and the
total RNA was stored in a refrigerator at —80 °C for use.

Detection of miR-564 expression in cancer
tissue by in situ hybridization

Paraffin sections were dry-heated in an oven at 68
°C for 30 min. Next, conventional xylene was dewaxed
in water and the slices were treated with 0.5% H,O,
/ methanol solution for 30 min, and inactivation of
endogenous peroxidase occurred. Next, the slices were
flushed with distilled water for 3 times. Pepsin was freshly
diluted with 3% citric acid, digested at 37 °C for 25 min
to expose miRNA fragments, and then flushed with 0.5
M PBS buffer for 3 times. Hybridization solution of 20 pL
(probe concentration was 14 pg/mL) was added to each
slice for overnight hybridization at 42 °C (about 16 h)
each slice was then flushed with distilled water once for
5 min each time, and 20 pL hybridization solution (probe
concentration 14 pmol) was added again to each slice for
overnight hybridization (about 16 h). After hybridization,
the slides were washed twice with 2 x SSC, preheated at
37 °C for 5 min each time, and then washed and sliced
with 0. 5 x SSC and 0. 2 x SSC liquids, respectively. The
slices were incubated at 37 °C for 30 min, then treated
with biotinylated mouse anti-digoxin at 37 °C for 60 min,
and washed with 0.5 M PBS for 3 times and 5 min each
time. After incubating at SABC-POD, 37 °C for 30 min,
the slices were washed with 0.5 M PBS for 4 times, 5 min
each time, and the slides were incubated at 37 °C for 30
min with biotin peroxidase dripping, and then washed
with 0.5 M PBS for 4 times, 5 min each time. Color
with freshly prepared DAB solution, microscopically
controlled coloration time, hematoxylin redying, 0.1%
hydrochloric acid ethanol differentiation, distilled water
turning blue, conventional alcohol gradient dehydration,
dimethylbenzene transparent neutral gum sealing.

Real-time fluorescence quantitative PCR was
used to detect the content of miR-564 in serum
The 2 x All-in-OneTMqPCR Mix in miRNA-qRT-
PCR Detection Kit was melted at room temperature,
and then mixed gently upside down and centrifuged
briefly. In the process of the preparation, PCR mix was

http://otm.tjh.com.cn

always stored in dark (operated on ice), and No Template
Control (NTC), was designed as negative control of the
experiment; therefore, other reagents of template cDNA,
were replaced with water in the reaction. To determine
whether the system was contaminated, PCR mix was
quickly mixed and added to a 96-well plate. The 96-well
plate was centrifuged briefly to ensure that all reaction
fluids were at the bottom of the reaction hole.. The
standard three-step procedure was used for the PCR.
After the PCR was performed, the following procedure
was used to analyze the melting curve: iQ5 software
and SPSS 17.0 were used for data analysis, the relative
expression rate (Relative Expression, RQ) of the target
gene hsa-miR-564 of the sample was calculated using the
difference multiple method (2 Ct), and the experiment
was repeated three times.

The expression of TGF- 3 1 was detected by
immunohistochemistry

Paraffin sections of 4 um in size were treated with
xylene dewaxing, gradient ethanol (75%, 80%, 95%, and
100%) for dehydration, 3% H,O, solution for incubation
at 37 °C for 20 min, and PBS solution for washing thrice.
The slices were placed in sodium citrate buffer at 100 °C,
heated for 15 min, naturally cooled, and washed with PBS
solution for 3 times. Goat serum was sealed and incubated
at 37 °C for 20 min and TGF- 8 1 (1:100) antibody diluent
was infused into the serum. The negative control was
replaced with PBS and incubated at 4 °C overnight. IgG,
37 was incubated at 30 min with PBS for 3 times, enzyme
/ streptavidin complex was incubated at 37 °C for 30 min,
with PBS and washed 3 times, DAB color was developed,
hematoxylin was redyed, and normal dehydration and
transparent sealing were performed.

Detection of serum TGF- B 1 content through
enzyme-linked immunosorbent assay (ELISA)

Venousblood coagulated naturally at room temperature
for 20 min, and it was centrifuged at 3000 rpm for 20 min.
The supernatant was collected and repacked with 500 pL
number, and was transferred to —80 °C refrigerator for
storage. The patients’ serum TGF-B1 content was detected
using ELISA kit (Xinbosheng Biotech Co., Ltd) within 2
h after melting at room temperature. The procedure was
performed in strict accordance with the manufacturer’s
instructions.

Result judgment

Considering the number of positive cells in a single
visual field / the total number of tumor cells x 100% as the
evaluation criterion, according to the rate of positive cells
in tumor cells, < 1% was (-), 1%-5% was (+), and 5%-—
15% was (2+),15%—-25% was (3+), and more than 25% was
(4+). The positive cells were nucleoserous type (including
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nucleoserous membrane, serosa, and membrane-positive)
and karyotype (including nuclear and nucleocytoplasmic
positive).

Assessment of radiation-induced lung injury
Acute radiation-induced lung injury was assessed
weekly according to RTOG acute radiation-induced lung
injury classification for a period of 3 months, from the
beginning of radiotherapy to the end of radiotherapy [®.

Statistical analysis

SPSS 17.0 was used for statistical analysis, ¢ test was
used for mean comparison, and y* and Fisher’s precise
probability method were used for rate comparison.

Results

Follow-up results

The shortest follow-up time was 7 months and the
longest follow-up time was 31 months until June 30, 2017.
The median follow-up period was 19 months and two
cases were lost. The overall incidence of acute radiation
pneumonitis was 55.9% (100 / 179), grade 2 and above (>
grade 2) was 24.0% (43 / 179), and grade 1 was 31.8% (57
/ 179). Efficacy evaluation: 48 cases of CR (26.8%), 107
cases of PR, 22 cases of 59.8%), SD (12.3%), 2 cases of PD
(1.1%), Table 1.

Relationship between the expression of miR-
564 in lung cancer tissues and the degree of
radiation-induced lung injury

The expression of miR-564 in the cancer tissues of
patients with > grade 2 radiation pneumonitis was slightly
higher than that of patients without or with grade 1.
However, there was no statistical difference (P = 0.86;
Fig. 1).

Relationship between the level of serum miR-
564 and the severity of radiation-induced
lung injury

The level of miR-564 in the serum of patients with
> grade 2 radiation pneumonitis increased gradually
during radiotherapy, and reached the peak at the end of 4
weeks. Thereafter, it decreased gradually and was higher
than that of patients without or with grade 1 radiation
pneumonitis (P = 0.005) (Table 2). The ratio changes of
miR-564 before and after radiotherapy were as follows:
the ratio of patients with > grade 2 radiation pneumonitis
increased gradually before and after radiotherapy. It
reached the peak at the 4th week after radiotherapy, and
then decreased gradually, but was higher than that of
patients without or with grade 1 radiation pneumonitis
(P=0.025) (Table 3).

Fig. 1

Expression of miR-564 in cancer tissues of patients with different
grades of radiation pneumonitis. (a) Grade 2 radiation pneumonitis
patients; (b) Grade 1 radiation pneumonitis patients

Table 2 Relationship between serum miR-564 level and severity of
radiation-induced lung injury in patients (X' s, pg/mL)

No or Grade Grade 2 or
Time 1radiation  above 2 radiaton P
pneumonia pneumonia
Before radiotherapy 12+03 15+05
2 weeks after radiotherapy 12+08 15+09 0.467
4 weeks after radiotherapy 11+£1.0 2510 0.005
6 weeks after radiotherapy 1.0+£0.7 27+08 0.000
2 weeks end of radiotherapy 0.9+ 0.4 3005 0.000
4 weeks end of radiotherapy ~ 0.9+ 0.5 3307 0.000
6 weeks end of radiotherapy 0.8 £ 0.6 2705 0.000
8 weeks end of radiotherapy 0.8+04 24+04 0.000

Table 3 Changes in miR-564 ratio before and after radiotherapy in two
groups of patients

No or Grade 1 Grade 2 or above 2

Time o . " .
radiation pneumonia radiation pneumonia

Before radiotherapy 12+0.3 15+05
2 weeks after radiotherapy 12+08 15+£09
4 weeks after radiotherapy 11+£1.0 25+1.0
6 weeks after radiotherapy 1.0+£0.7 27+08
2 weeks end of radiotherapy 09+04 3.0+05
4 weeks end of radiotherapy 09+05 3307
6 weeks end of radiotherapy 0.8+0.6 27+05
8 weeks end of radiotherapy 08+04 24+04

The relationship between the expression of
TGF- B 1 in lung cancer tissues and the degree
of radiation-induced lung injury

The expression of TGF-f1 in the cancer tissues of
patients with > grade 2 radiation pneumonitis was higher
than that of patients without or with grade 1 radiation
pneumonitis. The difference was statistically significant

(P=0.017) (Fig. 2).

Relationship between the level of TGF-1 in
the serum and severity of radiation-induced
lung injury

The level of TGF-B1 in the serum of patients with
> grade 2 radiation pneumonitis increased gradually



Fig.2 Expression of TGF-B1 in cancer tissues of patients with different
grades of radiation pneumonitis (a) Grade 2 radiation pneumonitis
patients; (b) Grade 1 radiation pneumonitis patients

Table 4 Relationship between serum TGF-g1 level and severity of
radiation-induced lung injury in patients (X s, pg/mL)

No or Grade Grade 2 or
Time 1radiaton  above 2 radiation P
pneumonia pneumonia
Before radiotherapy 2405 22%03
2 weeks after radiotherapy 2409 2605 0.087
4 weeks after radiotherapy 23+1.0 29+08 0.003
6 weeks after radiotherapy 25+08 3.0+£09 0.000
2 weeks end of radiotherapy 2.4 +£0.5 3210 0.000
4 weeks end of radiotherapy 2.2 +0.7 3607 0.000
6 weeks end of radiotherapy 2.4 +0.5 33108 0.000
8 weeks end of radiotherapy 22+04 3.0+06 0.000

during radiotherapy, and reached the peak at the end of 4
weeks. Thereafter, it decreased gradually and was higher
than that in patients without or with grade 1 radiation
pneumonitis (P = 0.038), and the rise of TGF-p1 was
consistent with the rise of miR-564 (Table 4). The ratio of
TGF-B1 in patients with > grade 2 radiation pneumonitis
increased gradually before and after radiotherapy, and
then decreased, which was higher than that in patients
without or with grade 1 radiation pneumonitis. However,
there was no statistical difference (P=0.24) (Table 5).

Relationship between miR-564, TGF-1
expression, and patient prognosis

The prognosis of patients with high expression of miR-
564 was better than that of patients with low expression
of TGF-B1, while the prognosis of patients with low
expression of TGF-B1 was better than that of patients
with high expression of TGF-B1 (Fig. 3).

Discussion

miRNA is a group of 18-23 nucleotides long,
endogenous non-coding single-stranded RNA, involved
in a variety of important biological processes®. To date,
it has been reported that numerous miRNAs exist in
animals, plants, fungi, viruses, and other organisms, and
are widely involved in the development of the body, cell
proliferation and apoptosis, tumor formation, and other

http://otm.tjh.com.cn

Table 5 Changes in TGF-B1 ratio before and after radiotherapy in two
groups of patients

No or Grade 1 Grade 2 or above 2

Time o . o .
radiation pneumonia radiation pneumonia

Before radiotherapy

2 weeks after radiotherapy 1.0+£0.2 11+£02
4 weeks after radiotherapy 09+0.3 13+04
6 weeks after radiotherapy 1.0+£0.3 14+01
2 weeks end of radiotherapy 1.0+0.1 14+05
4 weeks end of radiotherapy 0.9+0.1 16+0.2
6 weeks end of radiotherapy 1.0+£0.1 15402
8 weeks end of radiotherapy 09+01 14+£0.3
1.0 _I1 High miR-564
_I" Low miR-564
0.8
B
% 0.6
?
g 04F
e}
02
P =0.001
Il Il Il J
00 0 10 20 30 40
a Survival time (months)
1.0 _r1 Low TGF-B1
_ High TGF-B1
0.8
g 06
a
g 04t
e}
02r
P =0.000
1 1 1 J
00 0 10 20 30 40
b Survival time (months)
Fig. 3 (a) Relationship between the expression of miR-564 and

prognosis; (b) Relationship between the expression of TGF-$1 and
prognosis

physiological and pathological processes. In addition, it
plays an important role in tumor angiogenesis . miRNA
spectra are their own characteristics in various tumors
(1, Our previous study found that miR-564 could inhibit
the proliferation, cell cycle progression, migration, and
infiltration of lung adenocarcinoma A549 cells, and was
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significantly higher in the paracancerous tissues of NSCLC
thanin the cancerous tissues. Moreover, patients with high
expression of miR-564 in NSCLC have better prognosis
than those with low expression; it is a negative regulatory
gene in lung cancer”!. However, the relationship between
miR-564 and radiation-induced lung injury has not been
studied. We found that during radiotherapy, the serum
levels of miR-564 in patients with > grade 2 radiation
pneumonitis increased gradually with increase in dose
from the 2nd week, reached the peak at the end of the 4th
week after radiotherapy, and then decreased gradually;
however, it was always higher than that in patients
without or with grade 1 radiation pneumonitis. The serum
levels of miR-564 for patients without or with grade 1
radiation pneumonitis was decreased gradually all long.
Further studies showed that miR-564 ratio of patients
with > grade 2 radiation pneumonia increased gradually
after radiotherapy, reached the peak at the 4th week after
radiotherapy, and then decreased gradually, while miR-
564 ratio of patients without or with grade 1 radiation
pneumonia decreased gradually after radiotherapy. It is
suggested that patients with higher expression of miR-
564 and ratio of serum miR-564 may have more severe
radiation-induced lung injury, while patients with lower
expression of miR-564 and ratio of serum miR-564 may
have milder radiation-induced lung injury. It is suggested
that the changes in miR-564 expressions miR-564 ratios
are related to the occurrence of radiation-induced lung
injury and provide a new idea for clinical prediction of
radiation-induced lung injury. Studies have shown that
miRNA affects apoptosis and autophagy by regulating
TGF-B1, suggesting that TGF-B1 is a downstream gene of
miRNA 2. However, whether miR-564 can also regulate
TGF-1 is not clear; thus, we will continue to explore the
relationship between the two in future studies.

TGF-B1 is a member of TGF-f superfamily. It is a
polypeptidase growth inhibitor with many biological
functions. It is involved in the signal transduction
pathway, inhibiting the proliferation and activity of T cells
and macrophages, and regulating the expression of many
kinds of target cell genes. It is an immunomodulatory
factor and an apoptosis-promoting factor in embryonic
growth and development, cell differentiation, and
cell proliferation . TGF-B1 is not only a predictor of
radiotherapy ¥, but also an independent prognostic
factor in non-small cell lung cancer . We also found
that patients with high expression of TGF-f1 in cancer
tissues had poor prognosis. TGF-B1 is not only associated
with the prognosis of lung cancer, but also with radiation-
induced lung injury. Stenmark er /' found that the level
of TGF-B1 in the plasma was correlated with the degree
of radiation pulmonary fibrosis, and TGF-f1 could be
used as an early predictor of radiation pulmonary fibrosis.
Our study found that serum levels of TGF-B1 in patients
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with > grade 2 radiation pneumonia during radiotherapy
increased gradually after 2 weeks of radiotherapy,
reached the peak at the 4th week after radiotherapy, and
then decreased gradually. However, the serum levels
were higher than that of patients without or with grade 1
radiation pneumonitis. A similar trend was not observed
in the serum levels of TGF-f1 in patients without or
with grade 1 radiation pneumonitis. It is suggested that
monitoring the level of TGF-f1 may help predict the
occurrence of radiation-induced lung injury and the
radiation dose can be adjusted appropriately.

In conclusion, our study found that miR-564 and
TGF-p1 were predictors of radiation-induced lung
injury, and changes in miR-564 were observed early in
radiation therapy. Therefore, monitoring their changing
trends can improve the accuracy of radiation-induced
lung injury prediction, and the levels and ratio of serum
miR-564 in patients with radiation-induced lung injury
are related to the severity of radiation-induced lung
injury, which provides a new idea for clinical prediction
of radiation-induced lung injury. Summarily, the factors
affecting radiation-induced lung injury are complicated
and need to be evaluated comprehensively to reduce the
occurrence of radiation-induced lung injury and provide
some guidance for clinical radiotherapy.
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Objective To investigate the relationship between the expression of S100A7 protein and prediction of
recurrence and prognosis of breast cancer in patients undergoing breast-conserving surgery combined
with radiotherapy.

Methods 349 samples of carcinoma tissue wax blocks were selected from January 2011 to January
2014 in Qingdao Central Hospital. All the patients had undergone breast-conserving surgery. We analyzed
S100A7 expression in tumor tissue by immunohistochemical staining. Using univariate and multivariate
analyses, we evaluated the relationship between S100A7 and clinical results, to explore independent risk
factors for local regional recurrence (LRR).

Results The positive expression of S100A7 in the recurrence group (66.7%) was significantly higher
than in the non-recurrence group (38.4%), P = 0.025. A log-rank test showed that high S100A7 expression
was significantly correlated with 5-year regional recurrence free survival rate (RFS) (94.9% vs 89.5%, P =
0.0408), distant metastasis free survival rate (DFS) (95.4% vs 83.5%, P < 0.001), and overall survival rate
(OS) (99.0% vs 92.5%, P=0.0011). Histological grade, vessel carcinoma embolus, lymph node metastasis,
S100A7 expression, and tumor size were factors that influenced RFS. Multivariate analysis of the Cox
proportional hazard model showed that high S100A7 expression was an independent risk factor that
affected breast cancer RFS (HR = 6.864, 95 % CI: 1.575 - 29.915, P = 0.01). Thus, we concluded that high
S100A7 expression is associated with increased risk of LRR and distant metastasis of breast cancer after
breast-conserving surgery and postoperative radiotherapy. S100A7 can be used as a molecular marker to
screen for patients with high recurrence risk after breast-conserving surgery.

Key words:  S100A7, breast-conserving surgery, radiotherapy, locoregional recurrence, prognosis

The high incidence of breast cancer and the associated
high death rates are major health problems globally. In
2018, an American Cancer Society study involving data
from 185 countries and 36 types of cancer, showed that
one of every 4 female patients with cancer had breast
cancer, which was the first in both incidence and death

rate of female malignant tumors M. At present, the
diversity of breast cancer treatment methods and the
application of new technologies have made the breast-
conserving surgery more popular, which can not only
guarantee good therapeutic effect, but also does not reduce
the quality of life. Breast-conserving surgery combined
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with radiotherapy has gradually become the standard
treatment for patients with early stage breast cancer, and
can significantly reduce the risk of local recurrence and
distant metastasis 2. A study from the Chinese Academy
of Medical Sciences also confirmed the above view. On
the basis of standard treatment, breast-conserving surgery
combined with postoperative radiotherapy can reduce
the local regional recurrence rate by approximately 10
percent in 5 years!®.. However, recurrence is an important
cause of tumor advancement, metastasis, and treatment
failure. Multiple studies have shown that local regional
recurrence leads to poorer disease-free and overall
survival (). Therefore, to improve the therapeutic effect
and reduce recurrence and metastasis rate, is a major
research challenge in the field of breast cancer.

S100 proteins are a family of small acidic calcium
ion-binding proteins and their abnormal expression is
involved in the development of many tumors. At present,
there are at least 20 known S100 protein family members
in humans, and are abnormally expressed in many kinds
of cancers, such as breast cancer, gastric cancer, skin
cancer, and cervical cancer . S100A7 (S100 calcium-
binding protein A7 was first implicated in psoriasis and
it plays an important role in regulating various cellular
functions such as calcium homeostasis, cell proliferation,
differentiation, apoptosis, and cell invasion ”). SI00A7 is
believed to enhance the growth and invasiveness of breast
cancer cells and plays an important role in the progression
of breast cancer ®. The mechanism may be that the
immunoglobulin transmembrane receptor family, also
known as late glycation end product receptor (RAGE),
acts like a cytokine . Many studies have confirmed that
high S100A7 expression is closely related to a number
of clinicopathological indicators, with differences in
the expression of SI00A7 in some special types of breast
cancer, suggesting that it is a potential molecular marker
for predicting the prognosis of recurrence and metastasis
of different types of breast cancer !>/ Tumor recurrence
and metastasis are complex processes and involve many
factors; specific mechanisms remain to be clarified. At
present, there are only few studies on the relationship
between S100A7 and breast cancer recurrence, and on
the relationship between S100A7 and the reactivity of
postoperative radiotherapy for breast cancer. This study
retrospectively investigated the relationship between
S100A7 expression levels after breast-conserving surgery
and its relationship with radiotherapy reactivity, to
find new molecular markers that can effectively predict
breast cancer recurrence after breast-conserving surgery
and thus, help to formulate rational treatment plans and
improve patient prognosis.

http://otm.tjh.com.cn

Material and methods

Inclusion and exclusion criteria

The inclusion criteria for this study were: (1) Negative
pathological cutting margin and invasive carcinoma after
breast-conserving surgery, (2) Radiotherapy, neoadjuvant
chemotherapy, and endocrine therapy were not
performed before the surgery, (3) Availability of complete
clinical data and pathological results, and (4) Standardized
whole-breast radiotherapy performed postoperatively.
Exclusion criteria were: (1) Non-primary breast cancer
patients, (2) Bilateral cases, (3) Inflammatory breast
cancer, (4) Patients with stage IV breast cancer with
distant metastasis before surgery, (5) Patients with serious
life-threatening diseases or other malignant tumors, and
(6) Patients with incomplete medical records.

Radiotherapy regime and tumor classification

The samples were collected from January 2011 to
January 2014 at The Second Affiliated Hospital of
Qingdao University, China from 349 patients after
breast-conserving surgery and preserved as wax blocks.
After the surgery, the patients received standard whole-
breast radiation treatment, and the average postoperative
adjuvant radiotherapy dose for the whole breast and
regional lymph nodes on the affected side was 50 Gy/25
times/5 weeks. During the study period, adjuvant systemic
chemotherapy, endocrine therapy, and targeted therapy
were also implemented according to the guidelines. All
patients were female; the age of onset was determined
by the time of definite diagnosis, and the tumor size was
determined by the maximum diameter of tumor in the
pathological report, referring to the TNM staging criteria
published in the 8th edition by the AJCC 2. Histological
grading was performed using the modified Scarff-Bloom-
Richardson grading method, with grades 1-3. According
to the expression of estrogen receptor ER, Progesterone
receptor PR, human epidermal growth factor receptor-2
HER2, and proliferating cell related nuclear antigen
(Ki67), the breast cancer was classified into the
following types: Luminal A, Luminal B1, LuminalB2, and
overexpression of HER2, TNBC type '3,

Clinical outcomes after surgery
and radiotherapy

The information on postoperative survival, recurrence
and metastasis for all the patients was mainly obtained by
consulting the information of hospitalization, case follow-
up system, outpatient and imaging system examination, as
well as regular emails and telephone calls, to understand
and record the prognosis and survival information of
patients. The local recurrence free survival (RFS), distant
metastasis free survival (DFS) and overall survival (OS)
were recorded after the surgery till the final follow-up or
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the time of death.

Immunohistochemical staining

The sections (thickness 4 um) were soaked with fresh
xylene, dewaxed and hydrated with ethanol of different
concentration gradients, and thoroughly rinsed with PBS.
The well-matched EDTA antigen repair solution (Beijing
Zhongshan Jingiao Biotechnology Co. Ltd., China) was
heated to boiling to fully expose the epitope (95 °C, 6
min), cooled to room temperature, and then rinsed with
PBS. The enzyme was removed by endogenous peroxidase
inhibitors, incubated at room temperature for 10 min,
and washed with PBS. Goat serum was used to avoid non-
specific staining, incubated at room temperature for 15
min, and poured into the serum without washing. Primary
antibody against SI00A7 was added (dilution 1:200, Santa
Cruz Biotechnology Co., Ltd., USA), and the antibody
was replaced with PBS buffer in the negative control
group, incubated at a constant temperature for 60 min (37
°C), and fully washed with PBS. Goat anti-mouse/rabbit
IgG (Beijing Zhongshan Jingiao Biotechnology Co., Ltd.,
China) was added and incubated at room temperature for
15 min and rinsed completely with PBS. Horseradish-
labeled streptomycin was added, incubated at room
temperature for 15 min, and fully washed with PBS. Then
the samples were incubated in 3,3’-diaminobenzidine
tetrahydrochloride hydrate (DAB) (Beijing Solaibao co.,
Ltd., China) 5 min, and were re-dyed with hematoxylin.
The film was sealed and observed under microscope.

Immunohistochemical results

Results were interpreted by two senior physicians from
the Department of Pathology. Immunohistochemical
results were analyzed and scored blindly. In case of
controversy, multiple-head optical microscopy was used
to observe and re-evaluate the results. Each slice was
randomly evaluated by 10 high power microscopic field
of view (400x). The S100A7 was mainly expressed in
the nucleus or the cytoplasm . Immunohistochemical
evaluation criteria used were based on a previous study ">\,
Positive expression of SI00A7 was defined as expression
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in more than 10% of stained cancer cells. ER was positive
when there was more than 1% of the stained cells ['¢,
Setting up Ki67 high expression group with (> 20%) ['7,
HER?2 immunohistochemistry was defined as 3+ positive,
but further FISH test was needed for 2+ patients!®.

Statistical analysis

SPSS 23.0 software was used for statistical analysis.
Kaplan-Meier survival curve was drawn. Log-Rank
method was used to compare the survival rates between
two groups. Multivariate COX regression model was used
to analyze the independent risk factors of recurrence. The
risk ratio was calculated using HR and 95% confidence
interval CI. The statistical significance was defined as P
< 0.05.

Results

S100A7 staining results

The positive staining of S100A7 was mainly in the
nucleus or cytoplasm, Under the microscope, it is brown or
light yellow. The representative SI00A7 immunostaining
results are shown in Fig. 1.

Descriptive statistics

The median age of the patients in this study was 49
years old (ranged, 27-89 years), 117 patients (33.5%)
were younger than 45 years old at the time of diagnosis,
and 137 patients (39.3%) had postoperative pathological
lymph node metastasis (lymph node > 1). Seventy-three
cases (20.9%) were luminal A type, 115 cases (33.0%)
were luminal Bl type, 67 cases (19.2%) were luminal
B2 type, 41 cases (11.7%) were overexpression of HER2,
39 cases (11.2%) were triple negative, and 14 cases were
indeterminate type. Up to January 2019, the follow-up
time was 27-93 months (median: 73 months), and the
follow-up rate was 5.7% (22 = 20).

S100A7 expression
Of the 349 samples, 141 samples showed positive
S100A7 expression. SI00A7 expression was found to be

Fig. 1

Expression of S100A7 in breast cancer tissue (SP x 400). (a) Negative expression in normal breast tissue; (b) Negative expression in breast

cancer tissue; (c) Positive (predominantly cytoplasmic) expression in breast cancer tissue; (d) Positive (predominantly nuclear) expression in breast

cancer tissue
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closely correlated with tumor size, histological grade,
axillary lymph node metastasis status, ER status, PR status,
and breast cancer molecular classification, recurrence
status, postoperative distant metastasis, survival status
(P < 0.05), but had no significant correlation with other
clinical data (P > 0.05) (Table 1).

Correlation between S100A7 and local regional
recurrence and distant metastasis

The Log-rank 5-year survival analysis of the 329
patients showed that the expression of SI00A7 protein
was significantly correlated with the clinical outcomes of
RFS (94.9% vs. 89.5% P = 0.0408), DFS (95.4% vs. 83.5%
P<0.001) and OS (99.0% vs. 92.5% P=0.0011), as shown
in Table 2. Kaplan-Meier survival curves are shown in
Fig. 2.

Comparison of clinical characteristics between
postoperative recurrence and
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non-recurrence patients

Twenty patients could not be followed up. Of the
remaining 329 patients, 24 (6.9%) had local regional
recurrence, 31 (8.9%) had distant metastasis, and 12
(3.4%) died of breast cancer-related complications and
secondary malignant tumors. The Log-rank test suggested
that histological grade, intravascular thrombolytic tumor,
lymph node metastasis, SI00A7 expression and tumor size
were the factors influencing RFS (P < 0.05). COX analysis
results showed that SI00A7 expression (HR = 6.864, 95%
CI: 1.575-29.915, P = 0.01), vessel carcinoma embolus
(HR = 4.921, 95% CI: 1.072-22.599, P = 0.04), age (HR
= 0.091, 95% CI: 0.015-0.556, P = 0.009), and molecular
subtypes of cancer (HR = 0.615, 95% CI: 0.391-0.967 P
= 0.035) are independent factors affecting local regional
recurrence (P < 0.05) (Table 3).

Discussion

Breast cancer is the most common malignant tumor
among women under 40 years . Several studies have

Table 1 Correlation between clinical pathology features and S100A7 expression in 349 cases of Breast Cancer [n (%)]
Clinical pathology feature n (%) Eﬁg;zstizn 0;3;3827 Pvalue  Clinical pathology feature n (%) Eﬁg;ﬁiﬁ” 0;3;2327 value
Total 349 208 141 ER Status 0.0022
Age (years) 0.528 Negative 84 (24.1) 38 46
<45 17 (33.5) 67 50 Positive 265(75.9) 170 95
> 45 232 (66.5) 139 93 PR Status 0.0022
Menopausal 0.941 Negative 84 (24.1) 38 46
Yes 184 (52.7) 110 74 Positive 265(75.9) 170 95
No 165 (47.3) 98 67 HER2 status 0.422
Tumor size (cm) 0.005° Negative 226 (64.8) 137 89
<2 207 (59.3) 136 71 Positive 109 (31.2) 65 44
>2 142 (40.7) 72 70 Unknown 14 (4.0) 6 8
Location 0.316  Ki67 expression 0.102
Left 192 (55.0) 119 73 Low 142 (40.7) 92 50
Right 157 (45.0) 89 68 High 207 (59.3) 116 91
Histological grade <0.0012  Pathologic types 0.069
il 255(73.1) 168 87 Invasive ductal carcinoma ~ 310(88.8) 190 120
Il 94(26.9) 40 54 The other types 39 (11.2) 18 21
Vessel carcinoma embolus 0.0012  Local recurrence 0.0257
Negative 284 (81.4) 181 103 No 305(874) 188 17
Positive 65(18.6) 27 38 Yes 24 (6.9) 8 16
Lymph node metastasis <0.001%  Lost to follow-up 20 (5.7) 12 8
Negative 212(60.7) 148 64 Postoperative distant metastasis <0.001°
Positive 137 (39.3) 60 7 No 298 (854) 188 10
Molecular Subtype 0.0122 Yes 31(8.9) 8 23
Luminal A 73(20.9) 47 26 Lost to follow-up 20 (5.7) 12 8
Luminal B1 115 (33.00 75 40 Survival status 0.0012
Luminal B2 67 (19.2) 44 23 Alive 317(90.8) 193 124
HER2-overexpressied aMmr 22 19 Deceased 12 (3.4) 1 "
TNBC 39(M1M.2) 14 25 Lost to follow-up 20 (5.7) 12 8
Unclassified 14 (4.0) 6 8

apP<0.05
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Table 2 Relationship between S100A7 expression and 5-year clinical
outcome

S100A7 Expression (%)

Clinical outcome - — P-Value
Negative Positive

Local recurrence-free survival 94.9 89.5 0.0408

Distant metastasis-free survival 95.4 83.5 0.0001

Qverall survival 99 92.5 0.0011

found that young female patients may have more
aggressive tumor molecular characteristics and higher
risk of distant and local recurrence than older patients *-
2], Breast-conserving surgery has the distinct advantages
of less trauma, fewer complications, with less impact on
women’s mental health. Breast-conserving surgery is now
the first choice for young patients with early stage breast
cancer. There is no statistical difference in the 5-year
follow-up between adjuvant whole breast radiotherapy
after breast-conserving surgery and modified radical
mastectomy I, Although breast-conserving surgery
and postoperative radiotherapy are the recommended
treatment methods for early breast cancer, there is still a
high risk of recurrence. The effectiveness of radiotherapy
is affected by the inherent biological resistance of the
tumor as well as chemotherapy and endocrine therapy,
so the recurrence of the tumor cannot be ignored.
Studies have shown that some patients fail to benefit
from radiotherapy after breast-conserving surgery due
to the inherent radiation resistance of the tumor 2. It is
probable that the radiotherapy causes DNA damage repair
dysfunction of tumor cells from the ionizing radiation, and
some signal transduction pathways affect the expression
of one or more genes and proteins, leading to radiotherapy
resistance, tumor recurrence, and metastasis. Recurrence
is a well-known independent prognostic factor that
affects breast cancer mortality **. The presence of local
recurrence causes patients to undergo reoperation,
which increases the risk of distant metastasis even after
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Fig. 2 Kaplan-Meier Survival Curves were drawn according to the
expression of S100A7

Table 3 Factors influencing the recurrence free survival rate of Breast Cancer after breast-conserving surgery and postoperative radiotherapy were

analyzed by single factor and multi-factor tests

Variable S100A7 Expression (%) Multivariate

P value Relative risk (95% CI) P value Relative risk (95% CI)
Histological grade 0.0045° 3.008 (1.193-7.582) 0.12 2.440 (0.794-7.499)
Vessel carcinoma embolus 0.0122 2.754 (0.9695-7.821) 0.042 4.921 (1.072-22.599)
Lymph node metastasis 0.00432 3.123 (1.348-7.232) 0.099 0.368 (0.112-1.209)
S100A7 Expression 0.04082 2.276 (0.9985-5.188) 0.012 6.864 (1.575-29.915)
Tumor size 0.0053¢ 3.137 (1.381-7.125) 0.139 0.389 (0.112-1.358)
HER? status 0.0755 0.416 0.656 (0.237-1.812)
Age 0.669 1.211(0.5181-2.831) 0.009° 0.091 (0.015-0.556)
Molecular subtype 0.125 0.0357 0.615 (0.391-0.967)
Ki67 expression 0.5612 1.285 (0.5661-2.917) 0.199 2.391(0.632-9.048)

Univariate analysis was conducted by log-rank test, and multivariate statistical analysis was conducted by proportional hazard model (Cox). 2P value <
0.05 was considered statistically significant; 95% Cl, 95% confidence interval
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the second operation, leading to poor prognosis for the
patients. Therefore, it is of great significance to screen
high-risk breast cancer recurrence patients for various
molecular markers through comprehensive assessment of
risk factors to improve the treatment plan, the treatment
effect, and the prognosis.

Many clinical studies have confirmed many influencing
factors for local regional recurrence after breast-
conserving surgery, including, lymph node metastasis,
tumor stage, histological grade, and ER state 2!, In this
study, the 5-year follow-up of 349 patients with breast
conserving surgery and postoperative radiotherapy
showed significant statistical differences between the
relapsed groupand thenon-relapsed groupintheindicators
of histological grade, intravascular thrombolytic tumor,
lymph node metastasis, SI00A7 expression, and tumor
size. Multivariate COX regression model analysis showed
that the age, the histological grade, and the abnormal
expression of S100A7 were independent risk factors
for postoperative local recurrence of breast cancer. The
results of large sample size studies showed that the risk
of local regional recurrence was also high after adjuvant
radiotherapy after modified radical surgery, suggesting
that operative method is not an absolute factor affecting
postoperative recurrence, and comprehensive treatment
of various schemes is crucial, among which radiotherapy
resistance is one of the urgent problems to be solved.

In recent years, research has focused on S100A7
expression in different classification and its association
with other proteins, genes, and the influence on distant
metastasis and prognosis, more focused on the study of
breast cancer recurrence in patients with breast cancer,
modified radical is still much research directly confirmed
S100A7 with breast cancer confirmed breast surgery
acceptance criteria recurrence after radiotherapy, the
relationship between the radiation sensitivity and the
prognosis. There have been few studies on the mechanisms
of S100A7 expression, breast cancer recurrence, and
radiation sensitivity relationship. A Japanese study results
showed that adipose stromal cells can produce paracrine
cytokine by raising SI00A7 expression in breast cancer
cells to promote the growth of cancer cells and thus, affect
the recurrence and metastasis. Kaplan-Meier survival
analysis and multivariate analysis showed that S100A7
could be used as an independent risk factor for predicting
recurrence of invasive breast cancer ), However, this
study did not further analyze the recurr