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Abstract

Introduction. Patients with head and neck cancers are often treated with external beam
radiation therapy as definitive and adjuvant treatment, dose volume histogram is the best
tool for plan evaluation in 3DCRT to assess target volume coverage and doses to organ at
risks.

Purpose. To compare the actual planning target volume coverage by a prescribed dose of
radiotherapy in head and neck, with analysis of dose volume histogram for organ at risks.
Materials and methods. A cross-sectional retrospective descriptive comparative study
conducted during a period of four months from (Dec. 2020 to Apr. 2021). The total number
of patients included in study was (82).

Results. Cancer of larynx is the higher incidence cancer of head and neck, account 46.3%
in studied patients. The dosimetric assessment in this study revealed that the planning
target volume coverage in head and neck cancers at V90% isodose line and V95%
isodose line by using 3DCRT was superior for phase two than phase one (p<0.0001).
Regarding organ at risks in head and neck cancers the mean dose of right parotid in 38/41
(92.7%) of patients is 3990.82+1470.74 cGy, and left parotid mean dose in 36/41 (87.8) is
3829.33+1417.68 cGy. Mean dose of spinal cord in 41 (100%) is 2247.92+912.03 cGy. Mean
dose of right cochleae in 38 (92.7%) of patients is 2452.87+1596 cGy and to left cochleae
in 36/41 (87.8%) is 2361.86+1599.27.
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Conclusions. Planning target coverage in HNC at V90% isodose line and V95% isodose
line by using 3DCRT was superior for phase two than phase one. The recommended dose
constraints for parotid gland cannot be achieved by using 3DCRT for treating head and
neck cancers. The recommended dose constraints for spinal cord, cochlea and eye lenses
can be achieved by using 3DCRT for treating head and cancers.
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Pesiome

BBepgeHme. MauyeHTbl C PAKOM TOJIOBbl U LWEeN YacTO MPOXOAAT JfleYeHne C NMOMOLLbIo
BHELUHEl NyuyeBoli Tepanyn B KauecTBe PaanKaabHOro 1 afibloBaHTHOTO JIeYeHNs, T’McTo-
rpamma o6bema A03bl ABASETCA HAWUYULVM MHCTPYMEHTOM ANt OLEeHKM nnaHa B 3DCRT,
MO3BOJAIOLVM OLEHNTb OXBAT LIeSIeBOro 06bemMa 1 103bl Ha OpraHbl PUcKa.

Lenb. CpaBHUTb pakTNUECKOe NOKPbITME LIeNEeBOro o6bema npu MiaaHNPOBaHNY Ha3Ha-
UeHHOW J03bl Nly4eBON Tepanuyi B 061aCTVi FOSTIOBbI U LEWN C aHANIM30M MMCTOrpammMbl 06b-
eMa [03bl A1 OPraHoOB pUCKa.
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Marepuanbl n metogbl. [lonepeyHoe peTpocnekTMBHOE onmncaTesibHOe CPaBHUTENbHOE
nccnepoBaHume, NPoBeAeHHOE B TeUeHME YeTblpex MecALeB ¢ fekabpa 2020 r. no anpenb
2021 r. O6lLee KONMYecTBO NaLMEHTOB, BKIHOUYEHHbIX B CCIefOBaHMe, COCTaBuIo 82.
PesynbraTbl. Pak roptaHun aBnAeTca Hanbosee 4acTo BCTpPeUaeMbIM PakoM rofioBbl 1 LWeun,
cocTaBnAaa 46,3% cpepmn nccnegyembix nauneHToBs. [losmmeTpuyeckas oLeHKa B JaHHOM
nccnegoBaHUM NoKasarna, YTo oxXBaT NaHpPyeMOro LiefieBoro obbema npu pake ronosbi 1
wewn Ha yposHe V90% n3o803HoN NnHUN 1 V95% 1M30403HOM ANHUM NPU MCNONb30BaHNN
3DCRT 6bin Bbile Ana BTopor ¢asbl, yem gns nepsoit (p<0,0001). Yto KacaeTcs opraHoB
pUCKa Npu pake rosioBbl 1 Wen, cpefHAA Ao3a 06yyYeHns NpaBoi OKOOYLIHOW obnacTu
y 38/41 (92,7%) naumeHtoB coctaBuna 3990,82+1470,74 clp, a neBoi OKONOYLIHON 06-
nactn y 36/41 (87,8) - 3829,33+1417,68 clp. CpegHAs go3a obnyyeHNa CNMHHOIO Mo3ra
y 41 (100%) coctaBuna 2247,92+912,03 clp. CpenHaa fo3a obnyyeHna npaBow YIUTKA Y
38 (92,7%) naumeHToB cocTaBnaeT 2452,87+1596 clp, a neson ynutkn y 36/41 (87,8%) -
2361,86+£1599,27.

BbiBopbl. [naHnpoBaHve wenesoro nokpbitua npu XHK Ha yposHe V90% n3ogo3Hom
nHum 1 V95% n3ogosHon nnHmum ¢ nomoulbio 3DCRT 6bin0 nyulue Bo BTopoit dase, uem
B nepBoi. PekomeHayemble fO30Bble OrpaHNYeHNA ANA OKONOYLIHOWN »Kene3bl He MO-
ryT ObiTb JOCTUTHYTbI Npu ncrnonb3oBaHuy 3DCRT gna neyeHua paka ronioBbl U LIEW.
PekomeHayemble O30Bble OrpaHNYeHNA ANnA CNMHHOMO MO3ra, YLLUHOW PaKOBWHbI U XPY-
CTanvKa rnasa MoryT ObITb JOCTUrHYTbI NpK ucnonb3osaHun 3DCRT anA neyeHmA paka
roJsIoBbI U LLIEN.

KnioueBble cnosa: DVH, 3DCRT, HNC, PTV, no3nmetpus

B INTRODUCTION

The advent of new imaging technologies, including magnetic resonance imaging (MRI)
in the 1970s and PET scan in the 1980s, has moved radiation therapy from 3-D conformal
to IMRT and to image-guided radiation therapy (IGRT) tomotherapy. These advances
allowed radiation oncologists to better see and target tumors, which have resulted in
better treatment outcomes, more organ preservation and fewer side effects [1].

In 3DCRT, treatment plan is a computer-generated instruction set which includes
information on beam arrangement, geometry, energy, 3D image set with localization
coordinates, and dose prescription information. This instruction set is generated in
computer system called treatment planning system (TPS) [2].

In 3D treatment planning, this information is essential but should be supplemented by
DVHs for the segmented structures. DVH not only provide quantitative information with
regard to how much dose is absorbed in how much volume, but also summarize the entire
dose distribution into a single curve for each anatomic structure of interest. It is, therefore,
a great tool for evaluating a given plan or comparing competing plans [3].

Plan should be normalized such that at least 95% of PTV is covered by prescription
dose. It ensures that no part of PTV is under-dosed by more than 5%. According to ICRU
(International Commission on. Radiation Units), entire PTV should be covered by 95-107%
of prescription dose [4]. Guidelines like QUANTEC are helpful to ensure that OAR dosages
are within the limits. It should be ensured that there are no hotspots in OAR [4].

«EBpasnincKMin OHKONOMMUECKMI XXypHar», 2025, Tom 13, N2 3 229



Cancers arising in the head and neck comprise the sixth leading cancer diagnosis and
constitute about 3% of all newly diagnosed cancers in the US.In 2015, over 61,000 people
were diagnosed with head and neck cancer with approximately 13,000 deaths in the US
[5]. The incidence of HNC in Iraq is <4% of all cancers [6].

This work aimed to assess the actual planning target volume coverage by prescribed
dose of radiotherapy in head and neck and to analyze of DVH for OAR in HNC.

B MATERIALS AND METHODS

Study design and setting

A cross-sectional retrospective descriptive comparative study conducted in Baghdad
nuclear medicine and radiation therapy center during a period of four months from (fifth
of Dec. 2020 to twenty one of Apr. 2021).

Sample size

Total number of patients include in study was 82. 41 diagnosed with HNC as proved
by clinical and histopathological examination, patient sample who are taken with cancers
of Larynx (19) patients, NPX (5), Salivary gland (7), Lip (1), Hypo pharynx (3), Tongue (2),
Buccal mucosa (2), Carotid body (1) and Thyroid gland (1) patient.

The HNC was primary in all patients included in our study, exclude patient with
metastasis, lymphoma, skin, bony cancer and sarcoma. The data collection was done
through daily visits and study patients were selected randomly, their data collected from
their files and database in Baghdad Radiotherapy and nuclear medicine Center.

Procedure

The DVH statistics of patients was collected from treatment planning system (XiO®
Electa system version 5) in our center to be evaluated for the percentage of PTV volume
covered by 90% and 95% of isodose line, and also to evaluate the mean dose to OAR
(parotid gland, cochlea, lens and spinal cord).

Ethics
The Medical Ethical Committee of College of Medicine/Baghdad University approved
this study (code; 935 in 01/12/2020).

Statistical analysis

All statistical procedures, analysis and tests were applied using the statistical package
for social sciences (SPSS) version 24. Descriptive statistics presented as mean, SD and
percentage. Chi-square and Fisher’s exact (when chi-square inapplicable) tests used
alternatively to compare frequencies. Wilcoxon mann whitney test was used to compare
two means of grouped variable of abnormal distribution. P<0.05 correlation considered
to be significant.

B RESULTS

Demographic Results

The most common age group involved by HNC of 41 patients taken in study was the
5t and 6™ decades of life (Table 1).
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Table 1
Patients’ distribution in relation to age
HNC (No.=41)

Age (years) No. %
<20 2 4.8
20-29 1 24
30-39 3 7.2
40-49 5 12
50-59 17 41.3
60-69 9 21.8
>70 4 9.7
Total 41 100

Male patients account 61% in HNC and female patient was 39% (Table 2).

Table 2
Patients’ distribution in relation to gender
HNC (No.=41
Gender (No )
No. %
Male 25 61
Female 16 39
Total 41 100
Cancer Results

The higher percentage of larynx account 46.3% (Table 3).

Table 3

HNC distribution in relation to cancer types

Cancer No. %
Larynx 19 46.3
NPX 5 12.2
Salivary gland 7 17.1
Lip 1 24
Hypopharnx 3 73
Toungue 2 4.9
Buccal mucosa 2 49
Carotid body 1 24
Thyroid 1 2.4
Total 41 100

T2 and T3 is the highest 65.9 %, for N staging N1 is the highest, account 39% (Table 4).

Table 4
Patients’ distribution in relation to T-stage and N-stage
HNC
T
No. %
0 0 0
1 7 171
2 15 36.6
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End of Table 4

o HNC

No. %
3 12 293
4 7 171
Total 41 100
N
0 12 29.3
1 16 39.0
2 1 26.8
3 2 49
Total a4 100

Planning Target Volume results

The PTV coverage in HNC at V90% isodose line and V95% isodose line was superior for
phase two than phase one, difference is significant (p<0.0001) (Table 5, Fig. 1, 2).

Table 5

Comparison of PTV of the study

‘ Parameters Site Phase % Wilcoxon mannwhitney test (P-value)
\ PTV volume % HNC Ivs. Il 90 61.7 vs. 59.5 (<0.0001)
‘ covered HNC lvs. |l 95 107.2 vs. 95.7 (<0.0001)

Fig. 1. PTV covered by 95% dose in Phase I in HNC
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Fig. 2. PTV covered by 95% dose in Phase Il in HNC

Organ at risk results
In HNC right parotid contoured as OAR in 38/41, left parotid in 36/41 patient, were
parotid cancer patient included in study 7/41 (Table 6).

Table 6

Mean dose of OAR in HCN

OAR No. % Mean£SD Median
Right parotid 38/41 92.7 3990.82+£1470.74 4209.5
Left parotid 36/41 87.8 3829.33+1417.68 3991
Spinal cord 41/41 100 2247.92+912.03 2045
Right cochleae 38/41 92.7 2452.87+£1596 2633
Left cochleae 36/41 87.8 2361.86+1599.27 2426
Right lens 38/41 92.7 87.92+81.82 66
Left lens 38/41 92.7 82.95+81.79 65

B DISCUSSION

This is an observational descriptive study It is focused on assess the DVH in H&N
cancers of 41 Iraqi patients with H&N cancers treated by 3DCRT to deliver different doses
of definitive and adjuvant RT, and compare them with the results of 41 patient with pelvic
cancers treated also by 3DC RT to deliver different dose of definitive and adjuvant RT.

Our findings regarding age, estimated that the 5" and 6™ decades of life are the most
common age group involved by HNC account 63.1% of patients included in study and it
was concordant with the results of several other studies conducted in Iraq like AL-Janabi
et al. 2015 [7], Al-Nakshabandi 2002 [8] and in Saudi Arabia as Al-Zahrani 2020 [9].
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Our findings regarding gender, revealed male predominance for HNC where male
patient account 61% while female 39% of studied patients.

Cancer of larynx is the higher incidence cancer in HNC, account 46.3% in studied
patients, these findings also consistent with that of Al-Janabi et al. [7] and Al-
Nakshabandi [8].

The dosimetric assessment in this study revealed that the mean of PTV coverage for
HNC at V90% isodose line is (96.6+1.7) for phase one and (98+3.19) for phase two, the
difference was significant (P<0.0001).

The mean of PTV coverage for H&N cancers at V95% isodose line is (90.4+3.63) for
phase one and (94.2+4.4) for phase two, the difference was significant (P<0.0001). This
result showed that PTV coverage for HNC at V90% isodose line and V95% isodose line for
phase two was superior than phase one, the explanation for that is due to smaller volume
of PTV in phase two, and the prescribed boost dose used for phase two is lower than the
prescribed total dose for phase one.

By using 3DCRT it is difficult to achieve the optimal PTV coverage with sparing of
OAR, so most of the plans for treatment of HNC approved on V90% isodose line for PTV
coverage.

AL Zayat. et al. concluded that by using IMRT, high doses in the GTV and PTV can be
achieved not only was a better dose distribution in CTV found but also better critical
structure sparing was achieved with IMRT compared with 3DRT technique [10].

Abbasi et al. showed PTV coverage by 95% isodose line was worst for PTV3 (phase 1)
due toits large volume and best for PTV 5 (phase 2) as its only include the epicenter of the
diseases [11].

In our study we found that the Mean dose of Right parotid in 38/41 (92.7 %) of patient
sample with head and neck cancers included in study is 3990.82+1470.74 cGy, and left
parotid mean dose in 36/41 (87.8) is 3829.33+1417.68 cGy, in 3DCRT for H&N cancers it is
difficult to spare parotid gland due to it is adjacency to PTV.

In study of Hassan et al. (2019) showed that the parotid glands were over dosed in all
3D-CRT plans because parts of the parotids intersecting with the PTVs so sparing such
organs with 3D-CRT plan almost impossible while in IMRT plan the doses to the parotids
were within the acceptable limits [12].

In Herrassi et al., in this study four advanced 3DCRT treatment planning techniques
for H&N cancer showed that all the techniques give a good coverage of the PTV, as shown
by D95% >94% of the prescription dose as well as by excellent dose homogeneity and
Cls (conformity index). FPMS (Forward-Planned Multi-segments) technique, however,
attains the best target coverage at levels comparable to that of IMRT. As for the OAR'’s,
mean doses to parotids of 26 Gy for a prescription dose of 54 Gy are achieved with the
FIF (field-in-field) and ConPas techniques, equal to the tolerance dose used in IMRT. When
considering the global performance, the FIF (field-in-field) technique achieved the best
results in study, conclude that, in centers where IMRT equipment is not available or for
patients not eligible for IMRT, optimization of treatment may be feasible with such a
3DCRT technique [13].

Our results showed mean dose of spinal cord in 41 (100%) of patient sample with HNC
included in our study is 2247.92 cGy and it is within recommended dose constraint by
QUANTEC.
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Mean dose of right cochleae in 38 (92.7%) of patient sample with HNC included
in our study is 2452.87+1596 cGy and to left cochleae in 36/41 (87.8%) of patient is
2361.86+1599.27 it is within recommended dose constraints by QUANTEC.

Mean dose of right lens in 38/41 (92.7%) of patient sample with head and neck cancers
included in our study is 87.92+81. 82 cGy and Left lens in 38/41 (92.7%) is 82.95+81.79 it
is within recommended dose constraints by RTOG. These results revealed that 3D-CRT
delivered low doses to (spinal cord, cochlea and eye lenses), because these organs were
far away from the tumor and outside the treatment fields, receiving just scattered doses,
These results consistent with study of Hassan et al. [12].

The anatomical complexity of the head and neck region hinders the achievement of
DVH goals Due to higher number of OAR, lower in their tolerance dose and its adjacency
in head and neck to PTV make it is difficult to achieve the optimal PTV volume coverage
(95% volume by 95% isodose line), in compare to pelvic cancers where OAR is lesser in
number, higher in their tolerance dose so the optimal PTV coverage can be achieved.

B CONCLUSIONS

The PTV coverage in HNC at V90% isodose line and V95% isodose line by using 3DCRT
was superior for phase two than phase one. The recommended dose constraints for
parotid gland cannot be achieved by using 3D-CRT for treating HNC. The recommended
dose constraints for spinal cord, cochlea and eye lenses can be achieved by using 3D-CRT
for treating HNC.
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