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Background  and  purpose:  To  assess  anatomic  changes  during  intensity  modulated  radiotherapy  (IMRT)
for  nasopharyngeal  carcinoma  (NPC)  and  to  determine  its dosimetric  impact.
Patients and methods:  Twenty  patients  treated  with  IMRT  for NPC  were enrolled  in  this  study.  A  sec-
ond  CT was  performed  at 38 Gy.  Manual  contouring  of  the  macroscopic  tumor  volumes  (GTV)  and  the
planning  target  volumes  (PTV)  were done on  the  second  CT. We  recorded  the volumes  of  the  different
structures,  D98  %,  the  conformity,  and  the  homogeneity  indexes  for each  PTV.  Volume  percent  changes
were  calculated.
Results: We  observed  a significant  reduction  in  tumor  volumes  (58.56  %  for  the GTV  N and  29.52  % for
the  GTV  T).  It was  accompanied  by  a significant  decrease  in  the  D98 % for  the 3  PTV (1.4  Gy for  PTV
H,  p  =  0.007;  0.3 Gy for PTV  I, p =  0.03  and 1.15  Gy  for PTV  L, p = 0 0.0066).  In  addition,  we  observed  a
significant  reduction  in the  conformity  index  in  the order  of  0.02 (p  = 0.001)  and  0.01  (p  =  0.007)  for PTV

H  and  PTV  I,  respectively.  The  conformity  variation  was  not  significant  for  PTV  L.  Moreover,  results  showed
a  significant  increase  of  the  homogeneity  index  for  PTV  H  (+  0.03,  p  =  0.04)  and  PTV  L  (+  0.04,  p  =  0.01).
Conclusion:  Tumor  volume  reduction  during  the  IMRT  of NPC was  accompanied  by  deterioration  of  the
dosimetric  coverage  for  the  different  target  volumes.  It is essential  that  a  careful  adaptation  of  the
treatment  plan  be  considered  during  therapy  for selected  patients.

© 2019  Greater  Poland  Cancer  Centre.  Published  by Elsevier  B.V.  All  rights  reserved.
. Introduction

Radiotherapy is the standard treatment for nasopharyngeal
arcinoma (NPC). Recently, several types of research have been
eveloped to improve the therapeutic results through the combi-

ation of systemic treatment1–4 and the use of new radiotherapy
echniques.

Abreviations: NPC, Nasopharyngeal Carcinoma; IMRT, Intensity Modulated Radi-
tion Therapy; OAR, Organs At Risk; CTint, Initial CT; GTV, Gross Tumor Volume;
TV, Clinical Target Volume; PTV, Planning Target Volume; CTV (H), High Risk Clin-

cal Target Volume; CTV (I), Intermediate Risk Clinical Target Volume; CTV (L), Low
isk Clinical Target Volume; PTV (H), High Risk Planning Target Volume; PTV (I),

ntermediate Risk Planning Target Volume; PTV (L), Low Risk Planning Target Vol-
me; CTmi, Mid-treatment CT; Vi, Initial Volume; Vm,  Mid-treatment Volume; ID,
ice Index; CI, Conformity Indice; HI, Homogeneity Indice.
∗ Corresponding author at: Habib Bourguiba Hospital, Route de l’Ain. 3000 Sfax,
unisia.

E-mail address: nejla fourati@yahoo.fr (N. Fourati).

ttps://doi.org/10.1016/j.rpor.2019.12.012
507-1367/© 2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
The use of Intensity Modulated Radiation Therapy (IMRT) has
not only significantly reduced side effects and improved quality of
life but also improved disease control and overall survival.5,6 Thus,
it is considered the standard technique for NPC radiotherapy. IMRT
is a promising technique for this site because of its capacity to pro-
vide high-dose conformity to irregularly concave tumor volumes
and to spare multiple, proximal organs at risk, including, espe-
cially, the nerve structures and parotid glands. The fundamental
characteristic of this new radiotherapy technique is the possibility
to generate a high dose gradient between different target volumes
and organs at risk (OAR).

The particularity of NPC compared to other head and neck can-
cers is its proximity to critical risk organs whose dysfunction can
cause invalid toxicity, especially for the brainstem, spinal cord, and
ocular structures. It is also characterized by a large node volume
repressing the parotid glands.
During the 7 weeks of radiotherapy for NPC, patient anatomy
changes can be observed.7 These changes may  concern tumor vol-
ume, particularly nodes, as well as specific OAR. This variation is

erved.

https://doi.org/10.1016/j.rpor.2019.12.012
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2019.12.012&domain=pdf
mailto:nejla_fourati@yahoo.fr
https://doi.org/10.1016/j.rpor.2019.12.012
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Table  1
Planning target volumes definition.

Definition Dose (daily fraction)

PTV H PTV T (H) + PTV N (H) 69.96 Gy (2.12)
PTV I PTV (H) + PTV T (I) 60 Gy (1.81)
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PTV L PTV (I) + PTV N (L) 54 Gy (1.63)

TV : planning target volume, H : high, I : intermediate, L : low.

ainly due to weight loss and tumor response. It may  influence
he dose distribution to target volume and OAR.

Adaptive radiotherapy, which is a new concept under develop-
ent, makes it possible to take into account and integrate these

atient-specific changes that could occur during treatment.8

To assess the magnitude of this problem, we prospectively mea-
ured the anatomic variability of irradiated target volumes during
PC IMRT and studied their impact on the accuracy of dose delivery.

. Patients and methods

.1. Patients characteristics

Between September 2016 and March 2018, twenty patients
reated with IMRT for non-metastatic NPC in our institution were
nrolled in this prospective study, including 14 men  (70 %) and 6
omen (30 %).

According to the TNM 8th edition, tumors were classified as T0
n 1 case (5 %), T1 in 8 cases (40 %), T2 in 2 cases (10 %), T3 in 1 case
5 %) and T4 in 8 cases (40 %). They belonged to the N0 group in 1
ase (5 %), N1 in 3 cases (15 %), N2 in 13 cases (65 %) and N3 in 3
ases (20 %).

All patients received neoadjuvant chemotherapy with 3 cycles
f TPF (Cisplatin 75 mg/m2: day 1, Docetaxel 75 mg  / m2: day 1 and
FU 750 mg  / m2: day 1 to day 5) administered every 21 days and
oncomitant chemoradiotherapy with weekly Cisplatin 40 mg/m2.

.2. First treatment planning

The initially planned dosimetry was performed according to
he protocol adopted in our institution. Two dosimetric CTs were

ade under the same conditions for all patients: the first before
he neoadjuvant chemotherapy and the other after the 3dTPF cycle.
fter the fusion of the two scanners, the delineation was performed
n CT after chemotherapy, and it is considered as the initial or refer-
nce CT (CTint). Target volumes were defined according to the ICRU
eports 50, 62, and 83,9,10 including gross tumor volumes (GTV),
linical target volumes (CTV), and planning target volumes (PTV).

The GTV T consisted of the residual volume after neoadjuvant
hemotherapy, including the entire nasopharyngeal mucosa. The
igh risk CTV T (H) included a 3 mm margin around the GTV in all
irections except posterior, one near the brainstem, where it was
educed to 1 mm.  The intermediate risk CTV T (I) was  defined as the
TV (H) plus the region for potential microscopic disease, and the

nitial tumor volume before chemotherapy. The PTVs T (H and I)
ere generated by adding a 3 mm margin around the CTVs (H and

).
For the node volume, the GTV N corresponds to the persistent

acroscopic node after chemotherapy. The CTV N (H) is obtained
y a 5 mm margin around the GTV N excluding the bone, and the
rophylactic or low-risk CTV N (L) included bilateral II, III, IVa, Vabc
nd VIIab sectors. The Ib node area was included only if involved.
he delineation of the different CTV N (L) was done according to

he consensus published by Grégoire.11 A 3 mm margin was added
o obtain the PTVs N to the CTVs N (H and L) after adjustment to
he external contour. Finally, three PTVs were obtained with three
ose levels prescribed according to Table 1.
gy and Radiotherapy 25 (2020) 41–45

The delineation of the OARs was made by referring to the
experts’ recommendations and published contouring atlas.12–14

IMRT planning was  performed using the inverse planning soft-
ware on the Varian 13 eclipse treatment planning system. The
technique used was the integrated boost (SIB). The 3 PTVs (H, I, L)
received respectively 69.96 Gy,60 Gy, and 54 Gy in 33 fractions. We
treated all patient using seven static IMRT fields (0◦, 51◦, 102◦, 153◦,
204◦, 255◦ and 306◦) with a 6 MV  photon energy from the Varian
iX linear electron accelerator. Inverse planning involves defining
dose constraints by setting decreasing priority ranging from PTVs
to OARs from the most to the least critical. Repetitive iterations are
done for this purpose until obtaining the best dosimetric compro-
mise.

2.3. Second treatment planning

For each patient, a second dosimetric CT was  performed at a
dose of 38 Gy and then was  fused with the initial planning scan.
Manual contouring of the macroscopic tumor volumes (GTV T and
N) and the planning target volumes (PTV H, I and L) were done in
the second CT according to the same recommendations as initially.
In order to minimize the inter-observer variations, the contouring
of the second computed tomography (CTmi) was  completed by the
same observer.

A new structure “volume of interest” was created on the two
scanners (CT int and CT mi). It included the entire volume of the
patient from the skull vault to the inferior border of the clavicle.

The initial treatment plan was  transferred to the CTmi respect-
ing the anatomic position of the planning treatment isocenter. The
recalculation of the dose distribution has been fulfilled keeping the
same unit monitor number.

2.4. Data collection

We  collected the following data for each patient and each struc-
ture:

- The initial volume (Vi) and the mid-treatment volume (Vm) from
which the relative difference was  calculated according to the
formula(Vm − Vi⁄Vi) x 100.

- The difference of the isocenter position between the first and sec-
ond CT in the 3 spaces axes: the X-axis (or latero-medial), the
Y-axis (or anteroposterior) and the Z-axis (or craniocaudal).

- The Dice index (ID) or Dice Similarity coefficient :
ID = 2x(A ∩ B⁄A + B)

Secondly, we recorded for each PTV from the two  CT: the max-
imum dose (Dmax), the minimum dose (D98 %), the dose received
by 95 % of the volume (D95 %) and the dose received by 2 % of the
volume (D2 %). The Conformity and homogeneity indices (CI, HI)
were calculated according to the two equations, respectively, IC =
V95%⁄Vt; IH = D2% − D98%⁄D50%

We also measured the patient’s weight at the beginning, at mid-
treatment, and we  calculated the percentage of weight loss.

Statistical data analysis was done on the SPSS 20 software. The
normality of the quantitative variables was verified by the Shapiro-
Wilk test. For the normal distribution variables, the matched-paired
t-test was  cured for the mean comparison and the Pearson test for
the correlations. For variables with non-normal distribution, the

Wilcoxon test for mean comparison and the Spearman test for cor-
relations were used. We  compared the means according to the T
and N stages with the ANOVA test. p value <0.05 was considered as
statisticaly significant.
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Table  2
Target volumes changes.

Structure
Volume variation (cc) Percentage (%)

Median [extremes] Mean ± SD Median [extremes] Mean ± SD

GTV T −7.4
[−28.1 ; −0.5]

−8.9 ± 6.2 −30
[−59.6 ; −3.6]

−29.5 ± 15.3

GTV  N −7.9
[−117.9 ; −1.1]

−16.2 ± 27.3 −56.2%
[−81.4 ; −34]

−58.2 ± 12.5

PTV  H −52.6
[−334.5 ; −10]

−70.9 ± 70.1 −34.4
[−76.2 ; −7.6]

−34.2 ± 14.6

PTV  I −36
[−323.8 ; −13.1]

−60.1 ± 70.6 −13
[−58.9 ; 5.5]

−16.9 ± 12.2

PTV  L −37.6
[−303.9 ; −7.6]

−79.7 ± 83.9 −6.24
[−33.1 ; 1.7]

−11.6 ± 10

GTV : Gross Tumor Volume, PTV : Planning Target Volume, T : Tumor, N : Node, H : High, I : Intermediate, L : Low, SD : Standard Derivation.

Table 3
Isocenter movements of target volumes (mm).

Structure
X axe Y axe Z axe

Median [extremes] Mean ± SD Median [extremes] Mean ± SD Median [extremes] Mean ± SD

GTV T +0.2
[−1 ; 3]

+0.3 ± 1 +1.1 [-0.6 ; 4.5] +1.3 ± 1.1 +0.8
[-5.4 ; 3,2]

+0.5 ± 2,1

GTV  N +1.8
[-12 ; 18]

+1.5 ± 8.5 −0.9
[-5.6 ; 1.2]

−0.2 ± 4.3 +2
[-13 ; 19]

+2.4 ± 6.4

PTV  H +0.7
[-10 ; 9.9]

+0.4 ± 5.7 −0.7
[−3.5 ; 8.1]

+0.6 ± 3 +3.8
[-3.9 ; 9.5]

+5.7 ± 8.6

PTV  I −0.2
[−16 ; 9.6]

−0.3 ± 5.5 −2.2
[−6.1 ; 8.8]

−1.9 ± 2.9 +6.8
[-21 ; 21]

+6.2 ± 8.1

PTV  L −0,3
[−7.1 ; 1.7]

−0.5 ± 1.9 −0.1
[−3.6 ; 5.1]

+0.1 ± 2.2 +2.3
[-16 ; 13]

+2.18 ± 7

GTV : Gross tumor volume, PTV : Planning Target Volume, T : Tumor, N : Node, H : high, I : Intermediate, L : Low, SD : Standard Derivation.
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. Results

.1. Volumetric variations

Significant reductions in tumor volumes were found between
he two scans. The median was -7.4 cc [−28.1 ; −0.5] for the GTV T
p <10−3) and −7.9 cc [−117.9 ; -1.1] for the GTV N (p <10-3). The
alue of the median decrease in the volume of interest patient was
947.5 cc (−10.54 %). This volume decrease was significantly corre-

ated with weight loss (median of 3.3 Kg, p <10−3). The correlation
oefficient was 0.67.
For PTVs, the median reduction was −52.6 cc, −36 cc and −37.6
c for PTV H, PTV I and PTV L respectively, p <10−3 (Table 2).

There was no relationship between decreasing tumor volumes
nd weight loss. However, we observed a significant correlation
 line), mid-treatment in orange (white line)
ed (light), mid-treatment in drak red (dark)))

between the reduction of GTV N, PTV I and N stage (p = 0.01 and
0.04, respectively) (Table 3).

3.2. Geometric variations

At 38 Gy, a supra-millimeter migration of the GTV N isocentre
was found in the X-axis (Fig. 1a). The median shifting was  1.8 mm
[−12; 18.7]. In the Y-axis, the variation concerned the GTV T and the
PTV I with a median of movement of +1.1 mm [−0.6; 4.5] (Fig. 1b)
and −2.2 mm [−6.1; 8.8], respectively.
The Dice Index was low for GTV N with a median of 0.51 [0.14 ;
0.71]. It was 0.79 [0.57 ; 0.93] and 0.75 [0.39 ; 0.95] for GTV T and
PTV H, respectively. For PTV I, this index was  0.91 [0.57 ; 0.95] and
for PTV L, it was 0.88 [0.69 ; 0.99].
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Table  4
Dosimetric variations between planned CT scan and mid-treatment CT scan.

Volume
D98 % (Gy) CI HI

Median [extremes] Mean ± SD Median [extremes] Mean ± SD Median [extremes] Mean ± SD

PTV H −0.3
[−5.7 ; 1.1]

−1.4 ± 2.1 −0.02
[−0.1 ; 0.01]

−0.02 ± 0.03 0.04
[−0.4 ; 0.4]

0.03 ± 0.1

PTV  I −0.005
[-2.1 ; 1.1]

−0.3 ± 1 −0.005
[−0.07 ; 0.01]

−0.01 ± 0.01 0.01
[−0.04 ; 1.1]

0.02 ± 0.1

PTV  L −1
[−5.1 ; 0.9]

−1.1 ± 1.6 0
[−0.04 ; 0]

−0.004 ± 0.009 0.04
[−0.4 ; 0.18]

0.04 ± 0.06

PTV : Planning Target Volume, CI : Conformity Index, HI : Homogeneity Index, H : High, I : Intermediate, L : Low, CT : Computed Tomography, D98 % : Dose received by 98 %
of  the volume, SD : Standard Derivation.
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There was no correlation between the positional variations of
arget volumes and weight loss or T and N stage.

.3. Dosimetric variations

Compared to the initially planned dosimetry, a mean addition
f 0.76 ± 1.2 Gy was observed at mid-treatment for the D max  (1.08

 of the prescribed dose). This increase was statistically significant
p = 0.009).

This behavior was accompanied by a significant decrease in
he D98 % for the 3 PTVs, with a value of 1.4 ± 2.1 Gy for PTV H
p = 0.007), 0.3 ± 1 Gy for PTV I(p = 0.03) and 1.15 ± 1.6 Gy (0 0.0066)
or PTV L.

In addition, we observed a significant reduction in the confor-
ity index of 0.02 ± 0.03 (p = 0.001) and0.01 ± 0.01(p = 0.007) for

TV H and PTV I, respectively. The conformity variation was  not
tatistically significant for PTV L (−0.004 ± 0.009, p = 0.07).

Moreover, results showed a significant increase in the homo-
eneity index for PTV H (+0.03 ± 0.14, p = 0.04) and PTV L (+
.04 ± 0.06, p = 0.01). However, no significant difference was
bserved for PTV I (+ 0.02 ± 0.1, p = 0.1) (Table 4).

There was no relationship between the change in the target
olume coverage and the T stage. However, the homogeneity dete-
ioration of the PTV L was  correlated with the N stage (p = 0.022).
ndeed, the variation was -0.14 for N0, +0.055 for N1, +0.06 for N2
nd +0.025 for N3 (Fig. 2).

. Discussion

New high precision radiotherapy techniques are characterized
y better conformity to target volumes while sparing OAR. These
ew techniques have recently incorporated anatomical variations
f the patient during treatment and have tried to adapt to them.

For NPC, a significant anatomic change during the course of
adiation therapy was observed. This is due to a primary tumor,

nvolved lymph nodesreponse, and weight loss. The dose coverage
o target volumes and/or typical structures may  change signifi-
antly during the course of IMRT, especially toward the later part
f the treatment. Anatomic changes could compromise the dose
eck.

tion ; Neck Diameter : 13.53 cm

coverage to the tumor volumes and potentially reduce local con-
trol of the diseases. However, the planning CT images are obtained
before the start of radiotherapy, and replanning CT is not a common
practice for NPC.

In this prospective study, the target volume changes and their
dosimetric impact were measured and compared between the
planned and at middle treatment for NPC patients during IMRT.

A significant reduction in target volumes was found at 38 Gy,
with a more considerable decrease for lymph node volume in the
order of 58.56 % versus 29.52 % for GTV T. The synergistic effect of
radiotherapy and chemotherapy on the reduction of tumor volume
has been well established.15 However, the degree of the response
depends on individual radiosensitivity and delivered doses.

These anatomic changes observed in our study were mostly
consistent with the results of other published studies. Wang et al.
reported an average GTV N reduction of 40.2 % at 38 Gy with con-
comitant radiochemotherapy.16

In a retrospective series17 of 33 patients treated for NPC, the
decrease in GTV T volume was  estimated at 4.14 cc after 20 Gy and
32.51 cc after 40 Gy.

We  also found a significant decrease in the volume of the 3 PTVs.
The most considerable reduction was  in PTV H with −34.4 %, fol-
lowed by PTV I (-16.96 %), and PTV L (-11. 64 %). Our  results were
similar to those of Cheng et al.,18 who observed a significant low-
ering in all target volumes for 19 NPC patients. This decrease was
9.3 % for the GTV T and16.2 % for the GTV N. It was 11.12 %, 8.89
%, and 0.8 %, respectively, for PTV high, medium and low risk for
tumor volume (T) and 12.41 %, 9.9 % and 5.6 % for node volume (N).

In addition to the volumetric target volume modifications, posi-
tional changes were found in our study with a migration of the GTV
T isocenter on the anteroposterior axis (Y) of a mean of 1.3 mm  and
the GTN N of 1.5 mm on the X-axis and 2.4 mm on the Z axis, sug-
gesting the tumor response. Recently, Tan et al. have reported the
same results19 with an average migration of 1.5–2.5 mm for the
GTV at the first week to reach from 5.2 mm to 6.2 mm at the last

week.

The current study revealed significant anatomic and positional
changes in tumor and node volumes, which induced changes of
dose distribution in IMRT for NPC. We  observed a decrease in the
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98 % of the 3 PTVs, with a mean of −1.82 Gy for the PTV H, -0.46 Gy
or the PTV I and -1.49 Gy for the PTV L. These dose reductions
ere accompanied by a deterioration in both the conformity index

−0.004 to −0.02), and the homogeneity index (+0.02 to +0.04).
The decrease in the lateral diameter of treatment volume, espe-

ially in the lower part of the neck during radiotherapy for head
nd neck tumors, is a well-known event. Its causes include patient
eight loss resulting from radiation side effects and reduction of
odal masses.

Some authors suggested that changes in the irradiated volume
iameters lead to changes in dose distribution and may  cause

 loss in the coverage of target volumes.20 Indeed, their study
emonstrated a significant worsening of the target volume cover-
ge related to geometry changes during the course of IMRT. Hansen
t al.21 found a significant diminution in target volume doses in

 retrospective study of 13 patients. This decrease affected 92 %
f patients. It ranged from 0.8 to 6.3 Gy (p = 0.02) for PTV H and
.2–7.4 Gy (p = 0.003) for PTV I, which is consistent with our results.

In addition, we found an increase in the maximal dose of 0.76 Gy
n average, an equivalent to 1.08 % in the prescribed dose. It is
bserved for75 % of cases. The rise of the high dose was reported
y many authors (16–1922). Cheng et al. observed a significant
ugmentation of the D95 % by a mean of 0.3 Gy for the lymph
odes and 0.1 Gy for the tumor volume. For PTVs, this rise was not
ignificant.18 This finding was similar to the report of Wei  Wang
t al.22 who also demonstrated an increase in D95 %. It was 4.91

 for CTV and 8.19 % for GTV N. In their study, 28 patients were
reated for NPC with a repeated CT scan at the 25th fraction. On the
ther hand, there was no significant change in the target volume
overage during radiotherapy for head and neck cancer.16

In our study, all patients underwent a second verification CT,
n the middle of treatment, for measuring the anatomic changes
nd a dosimetric comparison with the initial dosimetric plan. But
o patients were treated using replanning. Therefore, the clini-
al implication of replanning after 18 fractions of NPC IMRT with
oncurrent chemotherapy with regard to ameliorating dose cover-
ge and tumor control was unknown and cannot be accomplished
ithout an extensive prospective study.

. Conclusion

Based on our study data and literature results, it would not be
easonable to propose adaptive radiotherapy for all patients treated
or nasopharyngeal carcinoma but rather for a subgroup of patients
ho would benefit.

This approach should be discussed for selected patients who
ave large tumors and/or lymph node, with significant weight

oss and tumor volume shrinkage. For these patients, a new plan-
ing treatment adapted to anatomic changes could improve the
arget volumes coverage and reduce doses to the organs at risk.
ther investigations are also necessary to improve the contri-
ution of this approach and to verify the criteria for the choice
f candidates for replanning. This validation should necessarily
nvolve prospective studies and randomized trials showing the
mpact of this approach in terms of toxicities and oncological find-
ngs.
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