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Abstract

Purpose: To develop a multiple logistic regressioodel as normal tissue complication probability eloby least
absolute shrinkage and selection operator (LAS®Ehrtique in breast cancer patients treated withetdimensional
conformal radiation therapy (3D-CRT), we focusedtlo& changes of pulmonary function tests to achibeeoptimal
predictive parameters for the occurrence of symptanmadiation pneumonitis (SRP).

Materials and methods: Dosimetric and spirometita d& 60 breast cancer patients were analyzed. dhang function
tests were done before RT, after completion of 8Tand 6 months after RT. Multiple logistic regieasmodel was
used to obtain the effective predictive parametéosward selection method was applied in NTCP mealeletermine
the effective risk factors from obtained differ@atrameters.

Results: Symptomatic radiation pneumonitis was okegk in five patients. Significant changes in pubhary
parameters have been observed at six months afteffiie parameters of mean lung dose (MLD), bridggasation
(BS), mean irradiated lung volume (lLV;), and the percentage of the ipsilateral lung vauimt received dose of
20 Gy (1V20) introduced as risk factors using th&SSO technique for SRP in a multiple normal tissamplication
probability model in breast cancer patients treatéth 3D-CRT. The BS, central lung distance (CLDydalLV in
tangential field have obtained as 23.5 (20.9-26m) 2.4 (1.5-3.3) cm, and 12.4 (10.6-14.3) % ofglurolume in
radiation field in patients without pulmonary comagtion, respectively.

Conclusion: The results showed that if BS, CLD, dbod are more than 23 cm, 2 cm, and 12%, respelgtiveo
incidence of SRP in the patients will be consideEra®ur multiple NTCP LASSO model for breast canpatients
treated with 3D-CRT showed that in order to haveimum probability of SRP occurrence, parameterB®f 1V20,
ILV and especially MLD would be kept in minimum k. Considering dose-volume histogram, the meng tose
factor is most important parameter which minimizibgn treatment planning, minimizes the probabpilitf SRP and
consequently improves the quality of life in brezsticer patients.
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Introduction symptoms, although in some cases, it can be acatatpaith
symptoms of cough, dyspnea, fever and chest p&in [1
Reducing the radiation absorbed dose in normaudis
during breast cancer radiotherapy reduces PCs pititpand
improves quality of life of patients. Various anaiocal and
physiological tests such as computed tomographyayX-
images [2] and pulmonary function tests (PFTs)][a/4 used
to assess pulmonary complications. However, deer@ashe
level of pulmonary functional parameters such ascefd
expiratory volume in one second (FEV1) and forcethlv
capacity (FVC) after six months and one year aR@&rhave
been shown in the previous studies [4,5]. In catira
Fragkandreeet al. reported no significant decrease in PFTs,

Many technical improvements such as three-dimeasion
conformal radiation therapy (3D-CRT), intensity rotated
radiation therapy (IMRT), image guide radiation reymy
(IGRT) and etc. have been developed for optimizing
conventional radiotherapy (RT). Despite effortsréduce the
irradiated volume of normal tissues, radiation doseceived
by these organs are unavoidable. Pulmonary contiglitsa
(PCs) as a major side effect in breast cancer R& hemained.
Lung inflammation due to radiotherapy is termediaton
pneumonitis and occurs generally 4 to 12 weeks &diiiation
therapy. It doesn't usually have characteristic nichl
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and also no significant differences were noted betwmean
values of FVC and FEV1 in before and three monfter &T
and also between before and six months after RTSuice the
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Methods
Patients

breast cancer is more common disease among women, ThiS prospective analysis 60 patients ages 32 toydadrs,

improving the RT techniques and consequently reduthe
incidence of pulmonary complications after RT igartant.
There are different results in assessment of mtadi lung's
function after RT in former studies [6-10]. Bridgeparation
(BS) as an effective parameter was averagely iatrirent
planning of breast cancer and it was defined bylorast al.

[5]; BS greater than 22 cm in tangential fields]l ied to

significant dose inhomogeneity in the breast whieatment is
done with 6-MV or lower energy photons. mean BS sohe
other parameters can effect on the dose volumedrains in
breast cancer RT [11]. We conducted a study tosasHee
effect of the mean central lung distance (CLD), m&S as
well as irradiated lung volume (ILV) parametersdasimetric
and clinical factors in pulmonary complications idgr the
three and six- months follow-up.

Modeling the normal tissue probability complicatio RT is
done to describe relationship between absorbed dose
possible side effects in normal tissues [7]. Baseda proper
radiobiological model an accurate estimation of thenor
control probability and NTCP can be obtained focegtance
or rejection of a treatment plan. Some researcherge
investigated predictive parameters based on dodameo
histograms, such as mean lung dose (MLD) [12-14d an
percentage of ILV that receives more than givereddgx) for
induction of symptomatic radiation pneumonitis (SRP
However, the most of these studies have done am dancer
patients [6,14]; in a study, univariate logistigmession model
has been used for predicting the PCs in breastecagatients;
it has shown that dosimetric parameters of MLD &vdl9
have the significant relation with PCs [12].

Least absolute shrinkage and selection operat&iS80)
method, selection operator and mean Bayesian mioaed
been used by Xwet al. [8] for creation NTCP models in
xerostomia after 3D-CRT for head and neck cancéems.
LASSO method also recommended by Leeal. [9] for
investigating the multivariate regression NTCP niiodein
breast cancer patients treated by IMRT techniquadidtion
pneumonitis in breast cancer patients have not beasidered
in such models after six months follow up. Therefor present
study, we developed for the first time a multiplegiktic
regression model as NTCP model using LASSO metimod i
breast cancer patients who treated with 3D-CRT Waitlusing
on the changes of pulmonary function te®tBKTs) followed
up in six months. We also examined the geometrical
parameters of treatment plan such as CLD and B®awwer to
DVHs parameters in this model.

150

(mean age: 47 yearsYdble 1) with stages II, Il (based on
American Joint Committee on Cancer (AJCC) [15])aste
cancers who were referred to Mahdeih Radiotheragyte® in
Hamedan, Iran between March 2015 and July 2016 were
included. All of the patients, 30 patients withtlefnd 30
patients with right breast involvement, were undesy
modified radical mastectomy (MRM) or mastectomy.l Al
patients had received prior chemotherapy with aeseggimen
of 8 steps, one month before radiotherapy. Alséeptt with
smoking addiction, background lung or heart diseasere
previously excluded from study. The parameters uiticlg
CLD, BS, and ILV in tangential field were obtain&fdm the
treatment plans. Information of the patients iduded in the
Table 1L The Common terminology criteria CTC Version 2.0
were used for defining the pneumonitis [16].

Table 1. Demographic, clinical, and treatment charaeristics of
patients.

Characteristic of patients

Age (years) T stage
Mean 47 T1 7(13.73%)
Range 32-71 T2 28(54.90%)
Std. Deviation 8.57 T3 16(31.37%)
Tumor site N stage
Left 25(49%) NO 7 (13.7%)
Right 26(51%) N1 19(37.2%)
Surgery N2 22 (43.3%)
Mastectomy 27(53%) N3 3 (5.8%)
Modify radical Ipsilateral lung dose (cGy)
magectomy 24(47%) Max 3235.69
Ipsilateral lung volume (cn¥) Min 68.81
Mean 1253.5 Mean 722.38

Radiation therapy

Radiation therapy of the patients was done usidjBand 15-
MV photon beams produced by a linear acceleratom(i®,
Siemens, Germany). CT images were obtained ussigghe-
slice CT-scan unit (Sensation, Siemens, Germamyjsuerse
slices with thickness of 8 mm. Treatment plannih@®® based
on the CT-scan slices for the patients was perfdrogng the
Core-PLAN (version 3.5.0.5, Seoul C & J Co., Se@duth
Korea) treatment planning system (TPS). Dose dslive
technique was SAD for delivering 2 Gy/d in 5 congae days
per week. A sample of the breast cancer treatmannjng is
shown in Figure 1. The chest wall in the patients with
mastectomy and whole breast in the patients withlifieal
radical mastectomy (MRM) were outlined as clinicafget
volume (CTV) and also CTV+1cm margin were outlinesl
Planning Target Volume (PTV); also left and righings
volumes were separately contoured as the orgaslka{@AR)
structures. A part of ipsilateral lung volume of @dtients was
within the tangential radiation field.
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Figure 1: Central lung distance (CLD) and bridge sepration (BS)
parameters in treatment plan.

Dose calculations were carried out using equivatssue to
air ratio (ETAR) algorithm. The absorbed dose resgiby the

ipsilateral lung was derived from the patientsatreent plans.

CLD parameter which defined as the perpendiculatadce
from the posterior tangential field edge to cheatl \{d1] was
measured. Also, the percentage of lung volume wisiehithin
the tangential field was calculated. Definition@ED and BS
parameters are shownHigure 1.

The prescribed dose to the PTV was 50 Gy in 2&ifras. A
number of 11 patients (18.33%) received five moaetfons as

a boost using 6 MV or 15 MV photon beams or 15 MeV

electron beams to the tumor bed. All patients &@atvith
tangential opposed fields, with an anterior suprécular
field. Furthermore internal mammary node (IMN) titin
field using photon or electron beams in additiortangential
and supraclavicular fields was used for 6 patiefi8%).
Postaxillary field was used in 9 patients (15%). tbangential
fields were defined in treatment planning, in whithe
minimum lung volume would be within radiation fieighile
having an appropriate coverage of dose to PTV. Wilided to
maximum protection of surrounding normal tissue.[1

Evaluation of pulmonary functional parameters
Pulmonary function tests (PFTs) parameters of thgepts
were measured using a spirometer (ZAN spirometAt).
relevant pulmonary function parameters were medsukk of
these pulmonary function tests were done for 5eptt before

and after completion of radiotherapy, 3 and 6 menth

afterwards. Since 9 patients had not completelys? Eerefore
they excluded of this study. The Common terminologteria
CTC Version 2.0 from the National Cancer Instit[it6] were
used in pneumonitis definition.

Statistical analysis

Paired t-test was used to compare the obtainedtsesfuPFTs
between before RT and three time points after RE€lding
end of RT, 3 months after RT, and 6 months afte). R'he
PFTs differences were estimated with the 95% cenfié
intervals. P-values less than 0.05 were considstatiktically
significant.
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We also obtained dose-volume predictive factorsh wihe
univariate logistic NTCP model for investigationopability
SRP.

At second step, we used the multiple logistic esgion
model as NTCP model to fit on the datag@ation 1) and
forward selection method for model building was lagup to
determine the significant risk factors among caatid
parameters [17].

NTCP = (1+e5)'S=B,+ X0, XBi+¢ Eq. 1

where S is response lev@, is intercept, p is the number of
candidate risk factors, Xandp; are different risk factors and
their corresponding regression coefficients, rethpely ande

is the random error of the model. The candidatéofacwere
including 8 clinical and 9 dosimetric factors anaot plan-
related factors.

The clinical candidate factors were age, totaleddsmor
site, radiation energy, irradiation of IMNs, surgenethod, T
stage, and N stage. The dosimetric candidate faetere the
PTV volume, PTV dose, mean, min and max dose delivé
the ipsilateral lung, the percentage of the ipsikt lung
volume that received doses of 10-40 Gy at selestegs
(IV10-1v40). The plan-related factors were CLD a®$
parameters. According to the dosimetric factorghhialues of
correlations were expected between related vasalsiech as
PTV dose. Therefore, these related variables wensidered
as grouped variables; ipsilateral lung dose, PT\edahe
percentage of the ipsilateral lung volume thatireszbdoses of
10-40 Gy at selected steps (IV10-1V40). Thereftoeavoid
the collinearity problem, the list of dosimetric darlinical
candidate risk factors was determined based omethats of
correlation analysis before fitting the model. Idddion, a
penalized multiple logistic regression model witlASSO
penalty was fitted on the entire list of risk fasténcluding 19
variables to compare the optimum number of seleciskl
factors with the result of initially fitted modélhe LASSO is a
shrinkage method to select subset variables by singoa
penalty on the size of regression coefficients [I8jfe LASSO
estimate is defined by:

plasso = argming YL (v — Bo — ,P:l xiiB;)?

Subject toy)}_, |B;| < t Eq. 2

Where the n is the number of samples, and t isranpeater
controlling the degree of penalty that can be deiteed by
cross-validation.

After building the model, odds ratios and 95% aierfice
intervals (95% CIs) were calculated for all of st risk
factors. For performance of prediction of resportbe, area
under the receiver operating characteristics c@A@C) was
calculated. Statistical analyses were performe8®gS 16 and
R programming software 3.2.2.
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Results

Demographic, clinical, and treatment charactesstid the
patients are shown ifable 1 After completion of RT, 46
(90.1%), 5 (9.8%) of patients had pulmonary funtio
changes of grades 0, 1 respectively. Patients gvithle 1 are
those who had the symptomatic pneumonitis [16].

The patients without SRP were classified in group = 46)
and those with SRP were in group 1 (n = 5). Tabdd@ws the
means (xSD) and P-values for the pulmonary funefidests.

As can be seen in theable 2, obvious fall in FEV1 and FVC

Pol J Med Phys Eng 2018;24(4):149-156

parameters in all patients occurred during of fellgp period.
Totally, FVC and FEV1 values have decreased abdn?%9
and 3.06% after 6 months of RT, respectively. Hoevev
statistically significant changes have been obskrae six
months after RT.

Information of 19 initial clinical and dosimetri@riables is
tabulated inTable 3 for each radiation pneumonitis (RP)
group. In this study, the mean irradiated lung dése 51
patients with breast cancer was achieved 722.38 cGy

Table 2. Results of spirometry in all patients; pulnenary functional tests were done at different timesncluding: before RT, at end of RT,

3 months after RT, and 6 months after RT.

. . Mean 95% Confidence Interval of the Difference
Spirometry parameters Pairs di P-value
ifferences Lower Upper

FEV1 Mean SD
Before RT 8456 1344 FEV1 (Before RT) - FEV1 (End of RT) -1.117 -3.39 1.16 0.33
End of RT 85.68 12.78 FEV1 (Before RT) - FEV1 (3ntis after RT) 0.74 -1.84 3.33 0.56
3 months after RT  83.82 1.6
6 months after RT ~ 81.50 10.81FEV1 (Before RT) - FEV1 (6 months after RT) 3.05 20. 591 0.036
FvC Mean SD
Before RT 90.9 13.75 FVC (Before RT) - FVC (End of RT) -0.62 -4.96 3.71 0.77
End of RT 91.52 17.1 FVC (Before RT) - FVC (3 mandfter RT) 2.33 -1.29 5.96 0.20
3 months after RT  88.56  12.41 /0 morore RT) - FVC (6 months after RT) 9.23 5.56 12.9 p <0.001

6 months after RT  81.66 9.35

Table 3. Clinical and dosimetric data of patients wh (Group 1) and without (Group 0) Symptomatic Radation Pneumonitis (SRP); which
considered as clinical and dosimetric variables fothe predictive model in which these variables werehosen as candidate risk factors for

SRP.
Clinical/ Dosimetric data No. of patients in Group 0 (total=46) No. of patients in Group 1 (total=5)
(Frequency %) (Frequency %)
Internal mammary node (IMN) No 41 (89.1%) 4 (80%)
y Yes 4 (8.7%) 1 (20%)
Energy (MV) 6 18 (39.1%) 1 (20%)
9y 6&15 28 (60.9%) 4 (80%)
1 4 (8.7%) 3 (60%)
£ Tstage 2 27 (58.6%) 1 (20%)
g 3 14 (30.4%) 2 (20%)
g 0 7 (15.2%) 0 (0%)
s 1 17 (36.9%) 2 (40%)
© N stage
2 2 19 (41.3%) 3 (6.5%)
o 3 3 (15.3%) 0 (0%)
Left 23 (50% 3 (60%
Tumor site (Left/Right) ) (50%) (60%)
Right 23 (50%) 2 (40%)
Mastectomy 23 (50%) 4 (80%)
Surgery
MRM 23 (50%) 1 (20%)
Age (years) (MeantSD) 47.1+9.4 46.8+9.8
Total dose (cGy) (Mean+SD) 5289.47+497.99 5318.18+476.73
Minimum 59.71 82.11
Ipsilateral lung dose (cGy) Mean (MLD) +SD 721.16+381.91 771.96+402.87
g Maximum 3131.16 3450.80
g CLD (cm) (MeantSD) 2.38+0.87 2.43+0.7
g Bridge separation (cm) (Mean+SD) 23.48+2.52 21.93+2.12
3 PTV volume (cn?) (Mean+SD) 1135.4+480.45 945.54+531.05
£ PTV dose (cGy) (Mean+SD) 2615.66 +1349.03 2770.04+1419.11
% Mean 1243.55+184.78 1343.42+264.02
a ] . V10 24.35+13.12 22.99+13.55
Irradiated lung volume (cm’) V20 15.10+11.08 13.3248.89
(MeanzSD)
IV30 4.84+7.87 6.11+8.67
V40 1.78+3.47 3.01+5.07
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Table 4. Correlation between CLD and ILV parameters vith tumor site and type of surgery.

Central Lung Distance (Meanz SD) Irradiated Lung Volume (Mean+ SD) P-value
. Left 2.69+0.7 12.85+3.66 0.14
Tumor site .
Right 2.28+0.86 7.87+2.12 0.29
Mastectomy 2.51+0.82 11.4+1.93 0.16
Surgery type - .
Modified radical mastectomy 2.2840.85 8.5+2.17 0.28
All patients 2.40+0.82 10.06+2.95 0.07

Table 5. Coefficients of the final multiple logisticregression model
as the NTCP model.

Variable B P-value EXP f0?5E°f;PC('B)
Bridge Separation -0.284 0.024 0.752 [0.58-0.96]
Irradiated lung volume 1.24 0.001 2.10 [0.67-2.30]
V20 1.25 0.024 1.56 [0.46- 2.04]
Mean lung dose 0.75 0.04 131 [0.26- 1.49]
Constant 5.9 0.038 365.03

We have shown the mean CLD and irradiated lungraeldor
irradiated right or left side patients in companigo tumor site
and surgery inTabled4 This table presented that no
considerable differences in mean CLD and ILV pananse
were observed between patients irradiated on thesitle and
those irradiated on the right side; this is coesistvith results
of Tokatli et al. [19]. Furthermore, we found no significant
differences between mentioned parameters and sutgpe.
Therefore, can be verified that significant relatinot exist
between the mean central lung distance (CLD) aratlimted
lung volume (P = 0.07).

In order to estimate the threshold values for meab and
mean BS parameters for patients without SRP, pase w
comparisons with groups (0 and 1) were done. It ressaled
that the threshold values were 2.38cm and 23.48 cm
respectively. Based on the results of correlatioalysis, there
were significant correlation within dosimetric paraters
groups (P <0.05). Therefore, relevant dosimetrariables
including ipsilateral MLD and PTV dose were incldde
initial multiple logistic NTCP model. Furthermorthe V20
among the IV10 to IV40 values, which had stron@starman
correlation coefficient in univariate logistic regsion, was
selected as one of the candidate risk factors. ve@bles of
mean BS (B =-0.28), ILV (B =1.24), IV20 (B =1)25nd
MLD (B =0.75) were obtained as results of fittediltiple
logistic NTCP model with forward variable selecti@and
LASSO logistic model.

For each patient the NTCP value can be calculasaty the
logistic regression as mentioneddqguation 2:

NTCP = (1 +e~5)! Eq. 3

Where S =5.9 - 0.284xBridge separation + 1.24diated
lung volume + 1.25xIV20 + 0.75xmean lung dose.
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Table 6. Area under the receiver operating charactestic curve
and 95% confidence interval for four effective risk factor
including mean lung dose, bridge separation, irradited lung
volume, and 1V20.

95% confidence

Variable Area P-value

interval
Mean lung dose 0.815 0021 0.709- 0.920
Bridge Separation 0.385 Q400 0.089- 0.682
Irradiated lung volume 0.524 0862 0.312-0.736
V20 0.698 Q145 0.548- 0.848
ROC Curve
e Source of the Curve
—mean lung dose
bridge separation
irradiated lung volume
0.8+ —_—v20
Reference Line
§. 0.6 ‘—
3 0.4 |:

0.2

00 T
00 0.2

T
08

014 DTE
1 - Specificity
Diagonal segments are produced by ties
Figure 2: The receiver operating characteristic cures (ROC) of
the final logistic NTCP model for four risk factor (including 1V20,
mean lung dose, irradiated lung volume, bridge sepation) for
symptomatic radiation pneumonitis in breast cancer patients

treated with 3D-CRT.

The final logistic NTCP model was built based oe thsult of
forward selection technique (based on likelihoagbreest) and
the final LASSO logistic model for symptomatic ration
pneumonitis was resulted based on 5-folds crosdatan and
AUC. The coefficients of selected variables for tfieal
multiple logistic NTCP model have been presented@iahle 5.
The AUC values for the final logistic NTCP and LASS
models are exactly alike. Therefore, we reported jesults of
the multiple logistic NTCP modeFigure 2 shows the ROC
curve of four risk factors for the multiple logistNTCP model.
For each variable, the area under ROC curve waslestd as
diagnostic test accuracy index; the variables witigh
diagnostic accuracy are shownTable 6. As can be seen in
ROC curve, MLD and V20 risk factors have high \elaf
area under curve; however, only the MLD parametas w
statistically significant (P value<0.05).
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Discussion

In our study, a decrease of 9.24% and 3.06% in BNCCFEV1
parameters, respectively were occurred after sinthwo Also,
in another study, an apparent decrease after 6-eldksvof
radiotherapy in these parameters was observed Bigled on
literatures, radiation induced pneumonitis usualtgurs 4 to
12 weeks after completion of radiation therapy J[12ince
that, a relatively small volume of lung (averagdl®.4% =+
1.8%) was irradiated by tangential fields, about%®.®f
patients who were treated with 3D-CRT techniqueljcated
SRP after six months of RT in our study. Tokagtlal. [19]
implied that two patients of 20 patients (10%) witherage
irradiated volume of lung tissues 6.4% + 2 had ghamild
SRP. In their study, irradiated lung volume hadngigant
relationship (P = 0.02) with incidence of pneumisniRancati
et al. have reported that ipsilateral mean lung dose IMin
breast cancer patients treated with 3D-CRT is irarsge of
2.5-18 Gy with median of 12 Gy; they also have ragabthat
16.6% of patients had shown graglél of pulmonary toxicity
[1]. Furthermore, Leet al. reported 33.3 % incidence of SRP
with a median lung dose of 20.52 Gy in breast cape#ients
after hybrid IMRT [9]. In our study, the ipsilaténsiLD had
range of 0.29-15 Gy with a median dose of 6.8 Gy.

Also there were no statistically significant difeaces
between mean CLD and irradiated lung volumes imptitéents
with different surgeriesT@able 4). In some previous studies,
chest X- ray radiography or CT- scan images [1/28 been
used for evaluating the radiation-induced compiicest of
lung; however, we used pulmonary functional tests a
physiological tests [13], because of more protectamainst
ionizing radiation in patients. Among patients w8RP, four
patients had been underwent mastectomy; and itestliang
volume for these patients were more than patieriie had
been underwent modified radical mastectomy. Desflite
limited number of these patients, there was sigaifi relation
between radiation-related injury (SRP) and surgéype
(mastectomy).

Our results showed, if mean CLD and mean BS vadues
lower than 2.38 cm and 23.48 cm, respectively,episi will
protect from SRP. Jaa al. reported 86.5% and 94% of mean
basal values for FVC and FEV1 (before 3D-CRT) in 39
patients with breast cancer, respectively. Alseytfound no
significant differences between these values wigh, dmoking
history or previous chemotherapy [21]. In consisieto this
study, we found average values of 90.8% and 84 &%4hie
FVC and FEV1 parameters in all patients, respelgtibefore
RT.

Symptomatic pneumonitis after breast radiotheragy
important issue and must be considered. It is ¢isseto
develop an appropriate NTCP model to predict proipalof
SRP in breast cancer patients in treatment plansdfigvares.
Early NTCP models, which are limited to Lyman-Kutch
Burman (LKB model) and univariate logistic regressi
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models [22] were based on dose volume histogramsH(D
based).

These models derived from dose distributions i th
target/OAR volumes. According to the such modal20i [13],
equivalent uniform dose (EUD), and the MLD, havecibe
reported as predictive parameters for inducing promitis
[1,23]. Dosimetric and clinical factors (as the diotive
parameters for OAR complications) in breast carparents
treated with 3D-CRT have not been assessed andtedpo
based on logistic regression LASSO model in litened yet. In
other words, evaluating of relations APFTs and radiation-
induced injury with considering dosimetric and ad
parameters were the main objectives in this stusipguthe
NTCP models.

In present study, we introduced parameters of MBS,
ILV, and IV20 as risk factors using the LASSO teicjue for
SRP in a multiple normal tissue complication praligb
model in breast cancer patients treated with 3D-CRAis
model can provide the optimal number of reliableductive
parameters for the occurrence of symptomatic riadiat
pneumonitis. Leest al. [9] had shown that IV20, energy, age,
BMI and T-stage are the risk factors for SRP inaktecancer
patients after hybrid IMRT. It has been recommenithed 3D-
CRT-based models are more useful for prediction
xerostomia in patients who treated with 3D-CRT thhaose
treated with IMRT [24], and therefore IMRT-based GCH
models cannot be used for 3D-CRT patients. AlthoLigly et
al. [25] reported no differences in dose deliveredureg and
heart tissues between 3D-CRT and IMRT techniquas we
found incidence of SRP in 8.3% of 3D-CRT treatedalst
cancer patients in contrast to 33.3% of the inaiéein Leeet
al. [9], in which patients had been treated with IMRT
Regarding to AUC values, MLD was the greatest fasitor for
symptomatic radiation pneumonitis in present stuiy;the
other words, this parameter can be mainly consiidoe
prediction of pneumonitis. Predictive power of timentioned
and also other relevant parameters could be cheekeb
improved by increasing the sample size (the numbfer
patients) in future works.

of

Conclusion

Symptomatic radiation pneumonitis is observablebneast
cancer patients who are treated with 3D-CRT. Owults
indicated that pulmonary function changes occualaiut six
months after RT.

The MLD, BS, ILV, IV20 parameters are as signifitaisk
factors to predict the SRP in our multiple NTCP G
model; among these parameters, the MLD is the most
important predictive parameter for SRP in breashcea
patients. Considering and minimizing these key mpetars
specially MLD factor as low as possible in treattnglanning,
can avoid or reduce the radiation related damages a
consequently improved the quality of life in breasincer
patients.
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