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Abstract

Introduction: Due to the effect of radiation on bahe tumor and the surrounding normal tissuessitie effects of
radiation in normal tissues are expected. One @fitiportant complications in the head and neckothdrapy is the
doses reached to the larynx and spinal cord oéptEtiwith non-laryngeal head and neck tumors.

Materials and Methods: In this study, CT scan insagfe25 patients with non-laryngeal tumors inclygitymph nodes,
tongue, oropharynx and nasopharynx were used. detfield and a four-field treatment planning withdawithout

laryngeal shield in 3D CRT technique were planre@defich patient. Subsequently, the values of DBimean, Dmax
and Dose Volume Histogram from the treatment plagriystem and NTCP values of spinal cord and lawyare

calculated with BIOPLAN and MATLAB software for giatients.

Results: Statistical results showed that mean gabfedoses of larynx in both three and four-fieleéthods were
significantly different between with and withoutield groups. Comparison of absorbed dose didn'twslamy

difference between the three and four field metH&d.05). Using Shield, just the mean and minindases of spinal
cord decreased in both three and four fields. TRER of the spinal cord and larynx by three and-feeld methods
with shield in the LKB and EUD models significantlye less than that of the three and four fieldbauit shields, and
in the four-field method NTCP of larynx is lessithree radiation field.

Conclusion: The results of this study indicate thate is no significant difference in doses reddodarynx and spinal
cord between the treatments techniques, but lagjreléeld reduce dose and NTCP values in larynsicenably.
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Introduction the physicist using treatment planning system (TRS)
transferred to the treatment machine. The impoetaoft all
these processes are to ensure accurate treatmtre patient
by a proper treatment plan [4]. Over the past twoadles, in
order to reduce the complications of radiotherapy @acrease
the therapeutic efficacy, treatment planning teghes have
been significantly improved. Today radiotherapy ¢@ndone
with techniques of 3D CRT, IMRT, VMAT, etc. 3D cammal
technique (3D CRT), unlike the conventional treaitaaises a
computer to determine the precise extent of theotumm this
technique, the healthy tissue around the tumoriveseless
doses than tumor tissue due to precise contoufipglr the
intensity modulated radiation therapy (IMRT) teajue, which
is a new type of 3D CRT radiotherapy, usually dife
intensity of x-rays are used to transmit differeldses of

The global incidence of head and neck cancers Butab
650,000 cases per year, which accounts for 6%l afaalcers.
Head and neck cancers include a heterogeneous grbup
gastrointestinal and upper respiratory tract tumeperanasal
sinuses, salivary glands, and thyroid gland [1,2].

Radiation therapy, along with chemotherapy andyeny,
plays an important role in the treatment of head aeck
tumors. The most common purpose of radiotherapytois
deliver a therapeutic dose to the tumor without agimg the
surrounding tissues [3,4]. The radiotherapy prodeEggins by
performing a patient's scan. The radiation oncsloghen
specifies the treatment volume for purpose of inest
planning. Finally, the patient plan that has beerdpced by
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radiation to small tissue areas simultaneously. this
technique, high doses reach more exactly to theotuamd
lower dose to surrounding healthy tissues [5,6]e Trhost
modern and complex of these modes is volumetric utadeld
arc therapy (VMAT), which rotates the gantry of theear
accelerator around the patient for a partial of &t at a
constant or variable rate [7]. However 3D CRT i8 applied
for the treatment of head and neck cancers in rao&therapy
centers regardless of its shortcoming in comparigorthe
highly modulated techniques [8].

Radiation therapy of head and neck tumors hasrtéciplar
complexity due to the location and complicationsnofmal
tissues. Anatomy of the patient, the presence \arattargets
with different prescribed doses, the extent oftteatment area
and the presence of a large number of sensitisadssuch as
spinal cord, salivary glands, thyroid and laryng #re reason
of the difficulty of treating head and neck tum{2k

The important complication of radiotherapy in thead and
neck, which minimize it from the duties of radiotapy and
medical physicians, are spinal cord and vocal corsy that
have a significant impact on the patients’ dailyiaties and
their life expectancy [9,10].

Radiation damage to the spinal cord can causelypaa
numbness, and impairment in the function and comtfdhe
bladder and intestine [11,12]. According to thécées, in order
to reduce secondary complications, the highestable spinal
cord dose is 45-50 Gy [4,13]. Loss of speech ancevguality
and laryngeal edema is due to unnecessary larymgetion
during treatment of head and neck tumors [14]. &foee, low
voice quality was reported between 24-72 monthseraft
radiotherapy in patients with non-laryngeal tumoffiead and
neck with mean laryngeal dose of 56 Gy [15]. Itaso
recommended to reduce laryngeal edema, the pegeermf
larynx volume that receives more than 50 Gy is thas 27%
and the average larynx dose is kept about 44 Gy [16

Since routine treatment of head and neck tummsivies the
use of split three-fields technique, including tlaberal fields
for primary tumor and neck lymph nodes and antdied for
the supraclavicular lymph nodes [17,18]. But expece has
shown that in some patients with a relatively largeest
volume with supraclavicular lymph nodes in depthseems
that the four-field technique with combined photbeams
consist of two lateral fields with 6 MV and two aygite
supraclavicular fields, anterior and posterior,hw@& and 15
MV beams, respectively would be better. Therefanethis
study, the doses reached to the spinal cord agdXan non-
laryngeal tumors with three and four fields of 3DRT
technique as well as the effectiveness of laryngkigld in the
above techniques was evaluated. Additionally,
complications of normal tissue of larynx and spioatd were
studied using two models of Lyman-Kutcher-BurmarKBl)
and equivalent uniform dose (EUD).

the
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Materials and methods

In this study, CT scan’s data of 25 patients wibim4aryngeal
head and neck tumors was used, including orophatgngue,
nasopharynx and lymph nodes tumors referring to the
Department of Radiotherapy of Omid Hospital in Uami
Table 1shows the demographic and clinical data of patient

Table 1. Patient characteristics

Characteristics Number of patients (%)
Gender

1 - male 16(64%)
2 - female 9(36%)
Site of primary tumor

1 - Oropharynx 10(40%)
2 - Oral cavity 7(28%)
3 - Nasopharynx 5(20%)
4 - Lymph nodes 3(12%)
TNM stages

1 - T.NoMo 10(40%)
2 - T3NoMo 13(52%)
3 - TiNoMo 2(8%)

For planning of 3D CRT, the Core Plan treatmennipiiag
System was used. In this study, after loading Canscof
patients from the software archive into the funudilo
environment, the volume of the tumor (GTV) and tlsdume
of sensitive tissue (OARs) of larynx and spinal dcavas
prescribed by oncologist and for each patient tial dose of
4400 cGy in 22 sessions was administered for tise dtage of
treatment.

Subsequently, for all CT scan data, the presendysncludes
the three-field method (two lateral opposed and anrior
supraclavicular field) with and without the apptioa of lead
shield in the anterior field with 6 MV photon beamd four—
field technique (two lateral cervical fields andotanterior and
posterior supraclavicular fields) with and witholatryngeal
shields with 6 MV photon beam, and posterior fiebé
supraclavicular with the 15 MV beam were desigridte size
of the lead shield was varied in each patient basednatomy
of the laryngeal tissue on that patients. The &fféshield on
the dose distribution in both three and four-fiale shown in
Figures 1and2.

In order to distribute the optimal dosage in thadiated area
and prevent the increase in the dose of sensitigans,
especially larynx, in the four-field method, the igding
techniqgue was applied to supraclavicular opposemimise In
this case the dose contribution of AP and PA bewamas 1.3
(65%) and 0.7 (35%) respectively.
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(a) (b)

Figure 1. Dose distribution curve in AP Supraclavicalar Field in three-field method. (a) = without sheld, (b) = with shield.

(@) (b)

Figure 2. Dose distribution curve in AP and PA Supaclavicular Field in four-field method. (a) = without shield, (b) = with shield.

After treatment planning, Dose volume histograms/Ki),
minimum Dose, mean Dose and maximum Dose values of NTCP =
spinal cord and larynx were extracted and evaludbedall

. . . . .. _ Deff— TDsgg
patients. Also radiobiological coefficients relatéal normal t=—-"— Eq. 2
. . . 50
tissues of larynx and spinal cord in head and tegiors were

—t2

=/ e e Eq. 1

extracted from the previous articles and studiggedding on Dosr = (ZiviDi%>n Eq. 3
the model. Then the normal tissue complication abiliy
(NTCP) was calculated and compared through the BADP In the LKB model, the three parameterssd,Dn, n are defined
and MATLAB software with LKB and EUD models, for the calculation of NTCP; T3 is a dose that has a 50% risk
respectively. The data were analyzed by means icépétest of complication, m is the slope of the sigmoid @iand n is
and two factors ANOVA using SPSS.18 software. the parameter of the tissue volume effect. Deff dose that is
uniformly equivalent to the EUD and is the fraction of the
Software used to calculate the normal tissue organ volume that receives; dose.Table 2 lists the n, m,
complications probability TDso apd o/B parameters for the_ larynx and spmal cord with
BIOPLAN software (1.3.3): This software was writtdsy end points considered by Emaehial and Rancatét al. To use

Nahum and Sanchez-Nieto in 2000 [19]. This software the BlOPLA_\N software, DVH data must be changed vH
calculates the probability of tumor control basedlwe Poisson format that it can be done using the MATLAB softaar
model and the probability of normal tissue complares based

on the LKB and Relative Seriality models. The LKBael is

obtained from the following equation:
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Software related to EUD model

The EUD model was written in 2007 on the basis e t
MATLAB. With the EUD model, the tumor control protiéity
and the normal tissue complications probability &ubD (Gy)
can be calculated. For EUD model, the DVH obtaiftech the
treatment planning system is presented in the fofa dose-
volume chart for which another program is written i
MATLAB. The EUD model is obtained using the followg
equation [26-29]:

EUD = ?’zlvi.(D“)]l/a,wherea =1/n Eg. 4

1

1+(TD50)4Y50
EUD

NTCP = Eq. 5

The parameters of the EUD model for NTCP includBgglis

the tolerance dose for a 50% complication, a isaipeter
without unit for the normal tissue or tumor ang is parameter
describing the slope of the response-dose curvg T2ble 3

lists the parameters for the spinal cord and lartaken into
account their end points in the EUD mad#fith the parameter
a=1/n gives the same NTCP as the LKB dose volume
histogram reduction procedure [26].

Table 2. Parameters of the LKB model for calculatingNTCP in
the laryngeal and spinal cord tissues [22-24].

Organ n m TDso(Gy) a/p (Gy) End point
Spinalcord 005 0475 665 2 Myelits!
X 008 017 70 3g  tayngeal
Rar';g;ﬁ”é 4 0045 016 46.3 3.8 L"’;ré’gr?;a'

Table 3. Parameters of the EUD model for calculatindNTCP in

the larynx and spinal cord tissues

Organ a Yso0 TDso(Gy) a/p (Gy) End point
Spinal cord Myelitis/
Emami et al 74 4 66.5 2 necrosis

Larynx Laryngeal
Emami et al 12.5 4 70 3.8 edema

Larynx Laryngeal
Rancati et al 22 4 46.3 38 edema

Results

In this study, the effects of three and four radrafields in the
3D CRT treatment on Dmin, Dmean, Dmax and NTCPe&lu
of sensitive organs of the spinal cord and larymxtoe 25
patients with non-laryngeal head and neck tumorgewe
investigated, and the results are presented iméides 4and
5, respectively.

The statistical results showed that there is aiifstgnt
difference between the mean of Dmin and Dmean afasp
cord in the three and four radiation fields betwgesups with
and without shields with p-value <0.01, Clearly acling to
Table 4, despite that the minimum and mean dostwedpinal
cord in the three-field technique with Shield wefr®m
2061.61 + 1176.57 to 863.56 + 292.91 cGy, and fAf865.26
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+ 178.74 to 3597.26 + 256.41 cGy, respectively, andhe
group of four - fields, the Dmin decreased from 2G4 +
1381.82 to 853.98 + 341.43 cGy and the Dmean isnfro
4239.76 * 171.63 to 3709.35 + 305.99 cGy ,howevke,
maximum spinal cord doses were not different irhbuoethods
with and without shields.

Comparison of spinal cord doses in both threefandfield
methods with and without shields shows that therend
significant difference between maximum and minimsjpinal
cord doses, but the Dmean of spinal cord in the-field
method in both cases with and without Shield wasentisan of
three-field method(p>0.05).

According toTable 4, the mean value of NTCP spinal cord
in LKB and EUD models for both three and four fieldsing
Shield was lower, but NTCP values in the four-figldh and
without shield methods compared to the same thede-f
method significantly increased with p<0.05 .In #m@ount of
EUD (Gy) (equivalent uniform doses) for the spioaid in the
three and four-field with and without shield, thgrsficance of
field and the shield’s effect was less than 0.05.

Table 5 shows the results of the larynx. To calculate radrm
tissue complication probability of larynx, two mdsl®ef LKB
and EUD were used with parameters of two paper&rhgmi
et al. and Rancatgt al. It should be noted that the present study
only refers to the first stage of treatment tunadrthe head and
neck with a total dose of 4400 cGy with emphasisensitive
organs. The larynx and spinal cord, are locatedtha
therapeutic field. Because of this, data relatetheoEmami’s
article with a dose of 7000 cGy (approximate dosageeps 1,
2 and 3, for treatment of head and neck tumorsadufition to
using the data from this paper, the parametersalwiutating
NTCP of the Rancati’s article, which was limitedsdethan
50Gy to prevent laryngeal edema during treatmeas, used.

The mean laryngeal doses in the three-field methitid and
without shields were 2745.12 + 937.22 and 4569.624.63
cGy, respectively, and in the four-field with andtheut
shields were 2745.9 + 915.85 and 4643.98 + 73.54, cG
respectively, as shown in table 5, the maximum mhdmum
laryngeal dose also decreased significantly in tse of
laryngeal shields (p <0.05), It should be noted thee to the
similarity of the results of Dmin, Dmean, Dmax beem two
treatment planning , the four-field method does stoaw any
superiority to the three-field method in both caséth and
without shields for the larynx dose.

The value of normal tissue complication probapilfor
laryngeal tissue with LKB model with Rancati’s paueters, in
the three-field without and with shield method wexgual to
65.42+8.89 and 6.40+8.53 and in the four-field meth
55.81+6.64 and 6 £7.92, respectively, which hagtssically
significant difference between the two groups ofheut and
with shield (p<0.01). As is seen, the NTCP levellarfynx
between the two techniques has different valuestaadigher
in the technique of three radiation fields.
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Table 4. Absorbed dose and normal tissue complicatigprobability of spinal cord (mean+SD)

Parameter Three-field Three-field with shield Four-field Four-field with shield
Dmin 2061.61+1176.57 863.56+292.91 2071.54+1381.82 853.98+341.43
Dmean 4055.26+178.74 3597.26+256.41 4239.76+171.63 3709.35+305.99
Dmax 4594.12+66.80 4590.37+84.35 4613.86+65.08 4580.57+84.31
NTCP%(LKB) 2.63+0.43 2.36+0.51 3.12+0.57 2.66+0.63
NTCP%(EUD) 0.09+0.03 0.07+0.03 0.14+0.04 0.09+0.04
EUD(Gy) 43.17+0.89 42.38+1.18 44.24+1.22 43.06+1.51
Table 5. Absorbed dose and normal tissue complicatigorobability of larynx (mean+SD)
Parameter Three-field Three-field with shield Four-field Four-field with shield
Dmin 4049.56+932.41 959.39+323.95 4342.66+317.51 963.78+344.31
Dmean 4569.60+524.63 2745.12+937.22 4643.98+73.54 2745.91+915.85
Dmax 4945.03+213.32 4430.54+650.07 4845.75+105.11 4404.48+658.42
NTCP%(LKB)
Emamiet al 4.52+1.38 0.87+0.89 3.04+0.72 0.81+0.84
Rancatiet al 65.42+8.89 6.40+8.53 55.81+6.64 6+7.92
NTCP%(EUD)
Emamiet al 0.45+0.25 0.04+0.05 0.23+0.09 0.03+0.04
Rancatiet al 71.74+11.42 2.45+4.06 58.72+9.85 2.23+3.88
EUD(Gy)
Emamiet al 49.85+1.72 37.12+9.06 47.51+1.26 36.44+9.52
Rancatiet al 49.27+1.82 27.16+11.17 47.38+1.31 26.76+11.35

From the table, not only there is a significantfatiénce in

NTCP level between the LKB model with the Emami and

Rancati’'s parameters, but also there is a statlitisignificant
difference between the two groups with and withshields
and between the radiation fields. The results efEl/D model
with both Emami and Rancati methods for larynx shaw
significant difference (p <0.05) between the grouwpth and
without shields and the three and four fields gsoup the
larynx, despite the difference in the calculatedusa The
amount of NTCP in the larynx without shield is gerathan
with shield and in three fields more than the ffieid.

Discussion

To judge and compare between the two treatmergsnesded
many decisions by a radiotherapist. The physicianukl
consider the delivered dose to the target volutomgawith the
side effects of radiation to the surrounding heattbsues. The
final decision on treatment planning is usually elegent on
the tumor position, the extent of the disease, phgsician's
preference the estimates of treatment and its doatjns.
The ultimate goal of any treatment is recovery higth quality
of life [30]. Radiotherapy treatment plans are galie
assessed by evaluating the 3D dose distributiolsilezed by
a treatment planning system by analyzing the dastelalition

superimposed on images of the patient anatomy and b

examining DVHs, which are 2D representation of 3@sdl
information, for each organ or tumor volume of et [31].
The results of this study indicate that the usetoéld in the

3D-CRT method reduced the amount of Dmin and Dmean

spinal cord to approximately 58% and 12% respelstiveboth
treatment planning. But didn't effect on the Dmake Dmin,
Dmean and Dmax value of the larynx in the with ®hie
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method were 77%, 40%, and 10% ,respectively leas the
without shield in both radiation field, However,etke is no
significant difference between the therapeutic mégpes of
three and four fields in the doses reaching thaapiord and
larynx, which can be said that the studied therapdields are
not superior to each other; but NTCP values oflaingnx and
spinal cord showed remarkable results, so thalNthéP level
of the larynx in the four-field method with botheth KB and
EUD models with Emami and Rancati’'s parameters £4a%%
and 16% lower than the three-field method, respelsti, while
for the spinal cord, the results were in contraghe larynx; in
the four-field method, the NTCP value of the spicatd was
greater than that of the three-field method ,it bensaid that
the reason for increasing spinal cord NTCP in tar fiield
technique is because of the spinal cord is locataterneath
the posterior supraclavicular field with the 15 Mgam.

Laryngeal edema should be considered as a reaieiz
morphological change associated with the defestiallowing
and voice [11,32]. Feng al reported a significant correlation
between respiratory problems evaluated with videorbscopy
and mean laryngeal dose [33]. A similar correlatimiween
mean dose of the supraglottic larynx and dysphassassed by
guestionnaires was reported by Jenstesd [34] and Caglaet
al [35] with threshold values of approximately 45G9.
Based on the findings of the articles with EUD <DGy, the
G2-G3 laryngeal edema significantly decreased [24]this
study clearly the mean dose and EUD of the largnreduced
in the Shielded method. The findings of this stady related to
the dose received and the NTCP of the larynx bycRiast al
[24] and Clauset al [36], with the difference that the IMRT
method was also studied in those studies.
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In this study, the dose of spinal cord as anotkasitive tissue
studied, didn’'t exceed 46 Gy in order to prevertoseary
complications, without reducing the dose of PTVnirdhe
maximum value. The findings of the study on spinatd
NTCP are consistent with the findings of Kah al [37],
Boughaliaet al [38] and Kamet al [39].

In the previous studies, the larynx NTCP had neerb
calculated with the EUD model; therefore, the vadfi¢a” for
the laryngeal tissue in the EUD model was calcdlditem the
n = 1/a. The “a” value obtained from the Rancgpiarameters
was equal to 2.2, compare to 12.5 derived from Eisam
parameter Table 5. The NTCP value from EUD model is
more consistent with the LKB model when Rancati's
parameters were used for calculation. But the NTalBulated
with the EUD model with Emami’'s parameter istotally
different from the LKB model. There for , the fimgis from
EUD model for larynx require further investigation.

In this study, as shown ihables 4and5, the two LKB and
EUD models do not equal in the normal tissue cocafitbn
probability ,according to a study by Moiseenkb al, the
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observed variation in NTCP results is rooted in the

radiobiological models and their parameters [40].

Conclusion

In this study, between groups of with and withchiekl, there
is a significant difference between NTCP values amebn
dose of larynx and little difference in spinal cdissue. As a
result, it can be said that the change in the nurobdields

doesn’'t have much effect on the dose of the seadissues of
the spinal cord and larynx in the first stage efhtment, but it
can't be ignored its effect on the reduction of NPT the four
field technique
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