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The treatment of locally advanced head and neck cancer (LAHNC) requires a multimodality approach. Radiotherapy with
combination of chemotherapy are demonstrated to be effective, however, the treatment intensification leads to increased
toxicity at the same time. The implementation of three-dimensional conformal radiotherapy (3D-CRT) allowed to irradiate
the treatment volume more precisely with better surrounding healthy tissue sparing. Intensity modulated radiotherapy
(IMRT) facilitated higher conformity in dose shaping to target volume. IMRT with simultaneous integrated boost (IMRT-
SIB) offered the possibility to deliver individualized dose levels within one fraction and enabled escalation of the dose per

fraction and radiotherapy acceleration.

The aim of our study was to compare the technique of 3D-CRT and IMRT-SIB in the treatment of LAHNC and evaluate
the treatment outcome and the treatment-related toxicity. 262 patients in 3D-CRT group and 263 patients in IMRT-SIB
group underwent the radical treatment for LAHNC between 01/1998 and 12/2016. No statistically significant differences
in locoregional control (LCR) and overall survival (OS) were found between the two groups. Acute toxicity and xerostomia
were significantly reduced in the patients treated by IMRT-SIB. IMRT-SIB is a safe radiotherapy method where less toxicity
was proven without compromising local control and overall survival.
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Head and neck cancer (HNC) is the seventh most common
cancer with 550 000 new cases worldwide every year [1] and
2600 cases in the Czech Republic [2]. The most important risk
factors are tobacco and alcohol. In developed countries the
decrease of smoking and alcohol exposure corresponds with
the decrease of HNC incidence in general. However, other
etiology such an infection of Human papilloma viruses leads
to an increasing incidence of oropharyngeal carcinoma [3].

For early stages of the disease a single-modality therapy
with surgery or radiotherapy are demonstrated highly effec-
tive. Locally advanced HNC (LAHNC) requires a multimo-
dality approach. Surgery with adjuvant radiotherapy (radio-
chemotherapy) or definitive radiochemotherapy have been
established as a standard of the treatment strategy. Regard-
less the multimodality approaches the outcome of LAHNC
remains poor. Radiotherapy intensification (4) or the addition
of chemotherapy [5] have improved local control and overall
survival (OS) but increased acute toxicity at the same time.

Implementation of a technique “three-dimensional
conformal radiotherapy” (3D-CRT) based on computed
tomography (CT) information permitted an accurate visual-
ization of the tumor and organs at risk (OAR). 3D-CRT
took to account the complexity of irradiation volume
which includes the primary tumor, pathological lymph
nodes and electively irradiated regions; all of them in close
proximity to vital structures as the spinal cord or the brain-
stem. This technique allowed to irradiate treatment volume
more precisely with improved surrounding healthy tissue
sparing. However, this form of radiotherapy used a few fields
technique with a uniform dose and therefore a large volume
of normal tissue still received a high radiation dose.

The introduction of intensity modulation radiotherapy
(IMRT) as an advanced form of the high precision conformal
technique together with inverse treatment planning systems
allowed not only higher conformity of irradiation but also
a possibility to deliver inhomogeneous doses simultane-



3D-CRT VERSUS IMRT-SIB IN THE TREATMENT OF LAHNC

831

ously to the volume in a shorter time. IMRT offered an
elegant solution compared to 3D-CRT in sparring normal
tissue. IMRT allowed closer shaping of dose to target volume
using multiple photon beams from different directions with
adjusted intensities. Since smaller margin are used, there is a
less room for errors on the other hand, especially so-called
geographical miss could occur. This more precise technique
stresses the importance of proper target volume defini-
tion and delineation based on optimal imaging modalities,
adequate immobilization of patients, verification of set-up
uncertainties and anatomical changes during treatment.
IMRT with simultaneous integrated boost (IMRT-SIB)
enables to decrease planning uncertainty and facilitates dose
escalation in the tumor with better tumor control probability.

IMRT has been established as a primary radiotherapy
approach in the treatment of LAHNC with less toxicity
[6] and improving of quality of life [6-8] without compro-
mising clinical outcome [6, 9-15]. The recently published
metanalysis [16] of seven randomized controlled trials
(RCTs) confirmed that IMRT significantly reduces the risk
of moderate to severe acute and late xerostomia compared
to two-dimensional radiotherapy (2D-RT) and 3D-CRT in
the radical treatment of HNC. However, only one trial [13]
demonstrated the superiority in LCR and OS over 3D-CRT
and this benefit was limited to nasopharyngeal cancer
patients alone.

The aim of our study was to compare the technique of
3D-CRT and IMRT-SIB in the curative treatment of LAHNC
and assess the safety and efficacy of slightly dose-escalating
IMRT-SIB approach in the treatment outcome and the treat-
ment-related toxicity.

Patients and methods

Study design and participants. The non-randomized
retrospective single-institution study enrolled patients treated
with radical radiotherapy for LAHNC and compared two
different radiotherapy techniques - 3D-CRT and IMRT-SIB
during the time period 1998-2016. Eligible participants had
newly diagnosed and histologically confirmed stage III or
IV squamous cell carcinoma of nasopharynx, oropharynx,
hypopharynx, larynx or oral cavity. Patients with neck carci-
noma of the unknown primary origin were also included.
Non-squamous histology and patients with salivary gland
tumors were excluded. The other exclusion criteria were
previous surgery for primary tumor excepting biopsy and
nodal neck dissection, and previous radiotherapy for the
primary and distant metastasis.

Procedures. Pre-treatment evaluation encompassed
complete medical history including smoking and drinking
habits, physical examination and laboratory testing. Before
the treatment there were dental examination indicated and
nutritional status of the patients assessed. The patients in
nutritional risk were recommended for feeding tube inser-
tion with percutaneous endoscopic gastrostomy prefer-

ably. All the patients underwent the clinical staging at the
baseline including panendoscopy with biopsies, CT and/or
MRI of head and neck region, and evaluation of the possible
distant dissemination (chest X ray and abdomen ultrasonog-
raphy). CT of the chest and abdomen. "*F-fluorodeoxyglu-
cose (**F-FDG) PET-CT scan was performed after year 2010.
The stage of the disease was scored according to UICC TNM
classification, 7™ edition [17].

Patients were treated in the supine position on the flat
table-top and immobilized in the neutral neck position.
The fixation with a thermoplastic mask from skull vertex
to shoulder was used. Planning CT scans of head and neck
region in 3- or 5-mm intervals were performed and trans-
ferred to a three-dimensional treatment planning system.
For improving the target volume delineation accuracy fusion
with diagnostic images (CT with intravenous iodine contrast,
MRI and FDG-PET/CT) were used. Treatment volumes and
organs at risk were contoured on each CT image in accor-
dance with ICRU 50, 83 [18-20] and previously published
contouring guidelines [21-25]. Gross tumor volume (GTV)
encompassed primary tumor volume and involved lymph
nodes with respect to physical exam and imaging studies.
Clinical target volume included GTV with margin 5-10 mm
for microscopic spreading and electively treated lymph
nodes. Planning target volume and planning organ at risk
volume were created by adding 5 mm security margin to take
into account patient setup uncertainties.

Radiotherapy protocol included two different techniques
- 3D-CRT or IMRT-SIB. Two different dose levels were used
in this study. 3D-CRT used 3-fields technique consisting
of two opposed lateral fields encompassing primary tumor
and lymph nodes of both sides of the neck and the third
anterior field for irradiating the supraclavicular region. After
40-42 Gy the lateral photon beams were reduced to protect
the spinal cord and additional lateral electron fields were
added to treat the posterior neck nodes. The prescribed dose
was 70 Gy in 35 fractions over 7 weeks to the primary tumor
and to the involved nodes, and 50 Gy to the electively treated
areas. With the advent of multi-leaf collimator (MLC) 7 field
isocentric technique was used.

IMRT-SIB employed 7 field isocentric technique with
sliding window leaf sequence. Slightly accelerated fraction-
ation of 33 fractions was used where primary tumor and
involved lymph nodes received 69.96 Gy (2.12 Gy per
fraction), areas with high risk of subclinical spreading were
treated by 61.05 Gy (1.85 Gy per fraction) and electively
treated areas received 54.12 Gy (1.64 Gy per fraction). Dose
prescription, specification and reporting were performed
according to ICRU 50, 62 and 83 recommendations. In the
optimization process the following constraints for OAR were
used: spinal cord D max <45 Gy, brain stem <54 Gy, contra-
lateral parotid gland D mean <26 Gy.

Radiotherapy should have been completed in the
prescribed overall treatment time, proceeding interruption
were compensated by 6 times a week irradiation.
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Patients with an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, normal hematologic
and renal function were given concomitant chemotherapy
with cisplatin in three weekly (100 mg/m?) or a weekly (40
mg/m?) settings. Neoadjuvant chemotherapy based on cispl-
atin derivatives was indicated less frequently.

Toxicity. Acute toxicity was monitored weekly during the
treatment period and then until the complete resolution.
After the treatment completion patients were followed every
3 months for 2 years and every 6 months thereafter until
death or last follow-up visit. Control imaging was indicated
2-3 months after the treatment completing and clinical and
late toxicity evaluation were performed every check-up
during the post-treatment period. Acute and late toxicity
were reported using Radiation Therapy Oncology Group
(RTOG) and European Organisation for Research and Treat-
ment of Cancer (EORTC) scaling system [26, 27].

Outcomes and statistical analysis. The primary
endpoint was overall survival (OS). OS was defined as the
time between the start of radiotherapy and the last clinical
check-up or the date of death of any cause. The secondary
endpoints were disease-free survival (DFS), locoregional
control (LRC), metastasis-free survival (MFS), and acute and
late toxicity. The effect of other factors — type of concomitant
therapy, tobacco and alcohol exposure on OS and DFS were
also evaluated.

DFS was defined as the time between the start of radio-
therapy to the locoregional or distant failure. LRC was defined
as the time to locoregional progressive disease of the primary
tumor or regional lymph nodes. MFS means the time to
distant metastasis detection since start of radiotherapy.

The data were analyzed with statistical software SPSS
version 19.0, p-values of less than 0.05 were considered to
indicate statistical significance. Univariate analyses of survival
were carried out by the Kaplan-Meier method and the evalu-
ation of differences between the groups was performed with
the log-rank test. A multivariate analysis of survival using
prognostic factors with a p-value less than 0.05 in univariate
analyses according to risk factors was performed with the
Cox proportional-hazards regression model using forward
stepwise method to define the independent contribution of
each prognostic factor.

Acute toxicity was defined as toxicity happening during
radiotherapy and up 3 months after the end of the treatment.
Late toxicity was defined as toxicity which occurred later
than 3 months in the post-treatment period. For evaluating
differences in toxicity and risk factors between 3D-CRT and
IMRT there was used Fischer ‘s exact test. The cut-off date for
follow-up analysis was July 31, 2018.

Results

525 patients (93 females, 432 men) enrolled to this study
underwent radical treatment of radiotherapy or radioche-
motherapy for LAHNC in the Oncology Clinic of Univer-

sity Hospital Motol Prague between 01/1998 and 12/2016.
262 patients were treated by 3D-CRT and 263 patients by
IMRT-SIB techniques. Patients and tumor characteristics
are listed in Table 1. Median follow-up of patients treated
3D-CRT or IMRT-SIB were 62 and 46 months, respectively.

Overall survival. The 1, 3, 5-year OS in 3D-CRT group
and IMRT-SIB group was 64 %, 42.2%, 33,6% and 68.7%,
43.3%, 29.8%, respectively. No significant difference in OS
between the two groups was proven (Figure 1A).

Locoregional control was at 1, 3, and 5 years 68.2%,
62.4% and 59.5% in 3D-CRT and 66.7%, 61.1% and 59.1%
in IMRT-SIB group. There were no significant differences in
LCR in both groups (Figure 1B).

Disease-free survival was at 1, 3, and 5 years 61.2%,
52.4% and 48.4% in 3D-CRT group and 59.2%, 47.7%, 41%
in IMRT-SIB group. These differences were also not signifi-
cant.

Metastatic-free survival was at 1, 3, and 5 years 91.8%,
84.5% and 81.2% in 3D-CRT and 82%, 71.3% and 62.9% in
IMRT-SIB group (Figure 1C). There was statistically signifi-
cant higher incidence of metastasis in the IMRT-SIB group
(p=0.001 log rank). Because there is no difference in locore-
gional control and overall survival, we conclude that the
explanation is improved follow up technique in the last years
(when IMRT was used) in comparison to older 3D-CRT
group.

Acute toxicity (mucosal and skin toxicity) was evaluated
in 222 patients of 3D-CRT and 258 patients of IMRT-SIB
groups (Table 2). Patients treated 3D-CRT developed signifi-
cantly higher acute toxicity comparing to IMRT-SIB group
(mucositis: p<0.001, skin toxicity: p<0.001).

Late toxicity: twenty-five patients of 3D-CRT and 72
patients of IMRT-SIB completed the late toxicity evaluation
questionnaires (Table 3). Salivary gland, mucosal tissue and
subcutaneous tissue toxicity, risk of dysphagia and fatigue
were evaluated. Most patients developed grade 0-1 toxicity,
with similar results in both groups. The significantly positive
results in favor for IMRT (p=0.001) were found at xerostomia
evaluation. Grade 2 or worse toxicity was found less at IMRT
group compared to 3D-CRT group (20 out of 72 [27.7%] vs.
16 out of 25 [64%]).

Statistically significant favorable risk factors affecting OS,
LCR and DFS in 3D-CRT and IMRT-SIB in the univariate
and multivariate analysis were primary sites of nasopharynx,
larynx or unknown primary (p<0.001 log rank), lower clinical
stage ITI (p<0.001 log rank), non-smoking status (p<0.001 log
rank), abstinence or irregular alcohol consumption (p<0.001
log rank) and concomitant chemotherapy (p<0.001 log rank)
(Table 4, Figure 2).

Discussion

The OS and LCR are the most important clinical outcomes
in the radical treatment of head and neck cancer. Theoreti-
cally there may be an increased risk of locoregional failure
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Table 1. Patients, tumor and treatment characteristics. Median (range) is reported for continuous and counts (percentage) for
categorical variables. Statistical difference between 3D-CRT and IMRT-SIB group was computed using Chi-square test or Stu-
dent t-test respectively for categorical and continuous variables.

Variable Group 3D-CRT IMRT-SIB p-value
Age (years) 58.3 (14-91) 61.8 (33-94) 0.080
Female 45 (17%) 48 (18%) 0.819
Gender Male 217 (83%) 215 (82%)
Histology grading Gl1/2 78 (30%) 145 (55%) <0.001
G3/4 184 (70%) 118 (45%)
Clinical stage 1 96 (37%) 64 (24%) 0.002
v 166 (63%) 199 (76%)
T stage T3 59 (25%) 55 (25%) 1.000
T4 174(75%) 165 (75%)
NO 50 (20%) 34 (15%) 0.033
N stage N1/N2/N3 205 (80%) 234 (85%)
Primary tumor site CUP 27 (10%) 42 (16%)
Hypopharynx 26 (10%) 45 (17%) <0.001
Larynx 40 (15%) 38 (14%)
Nasopharynx 46 (18%) 14 (5%) <0.001
Oral cavity 25 (10%) 28 (11%)
Oropharynx 98 (37%) 96 (37%)
Yes 99 (38%) 29 (11%) <0.001
Neoadjuvant chemotherapy No 163 (62%) 234 (89%)
Cisplatin 91 (35%) 172 (66%) <0.001
Concurrent chemo/bio/radiotherapy  Cetuximab 2 (1%) 17 (6%)
RT alone 169 (64%) 74 (28%)
Weekly 34 (37%) 74 (43%) 0.430
Concurrent cisplatin regimen 3weekly 57 (63%) 98 ((57%)
Yes
Smoking history No 135 (72%) 193 (74%) 0.667
53 (28%) 68 (26%)
Alcohol abuse history Yes 94 (50%) 147 (57%) 0.211
No 93 (50%) 113 (43%)
Immunohistochemistry p16 Positive 0 15 1.000
Negative 0 8

T stage Primary Tumor according to UICC 7" edition; N stage Regional Lymph Nodes according to UICC 7% edition; G grade, CUP
(cancer of unknown origin), 3D-CRT (3D-conformal radiotherapy), IMRT-SIB (intensity modulated radiotherapy with simultane-

ous integrated boost)
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Table 2. Acute toxicities were reported using RTOG and EORTC scaling
system.

. 3D-CRT  IMRT-SIB
Toxicity Grade (n=222) (n=258) p-value
Mucositis GO-1 6 33
G2-4 216 225 <0.001
Skin toxicity GO-1 11 30
G2-4 211 228 <0.001

Table 3. Late toxicity - Late toxicity were reported using Radiation Ther-
apy Oncology Group (RTOG) and European Organisation for Research
and Treatment of Cancer (EORTC) scaling system.

with more precise technique as the IMRT because there
is a less room for errors. Several RCTs [6, 9-15] evaluated
disease-related endpoints between IMRT with 2D-CRT/3D-
CRT. Only a single trial each used OS [13] and LCR [34] as a
primary endpoint identically to our study.

Nutting et al. [6] in 2011 evaluated 94 patients with
oropharyngeal cancer who were randomized to receive
either 2D-CRT or IMRT. No differences in LCR or OS were
proven in 24-month follow-up between both groups. Gupta
et al. [11] involved 60 patients with oropharyngeal cancer in
their trial, where 28 patients were treated with 3D-CRT and
32 with IMRT. The results of this study were published in
2012. A median follow-up was 40 months and 3-year LCR for
3D-CRT and IMRT groups were 88.2 % and 80.5%, respec-
tively (p=0.45) and 3-year OS 70.6% and 68% (p=0.81). No

. 3D-CRT  IMRT-SIB i ») A :
Toxicity Grade _ _ p-value statistically significant differences were proven.
(029 (072) Ghosh-Laskar et al. [12] published results of their trial i
Fatigue Go-1 20 2 0.344 os. - as ar et al. [12] pu. ishe 'resu ts of their trial in
(grade) s s 0 2016. Fifty-nine evaluated patients with HNC were treated
' either 3D-CRT or IMRT with median follow-up 70 months.
?gﬁ:;i;’eous tissue Go-1 20 62 0-525 No differences in LCR or OS benefit were seen in both groups.
G4 > 10 5-year OS rates for 3D-CRT and IMRT were 50.7 % and 64.3,
Salivary glands GO0-1 9 52 0.002 respectively (p=1.1). The 5-year LRC rates for 3D-CRT and
(xerostomia) G2-4 16 20 IMRT were 62.9% and 69.2%, respectively (p=0.2). Bourhis
Esophagus GO-1 15 61 0.021 et al. [15] in their trial compared 94 patients in each arm
(dysphagia) G2-4 10 11 treated 3D-CRT or IMRT with concomitant chemotherapy
Dysgeusia Go-1 20 ” 0310 for LAHNC stage III-IV. The primary endpoint of their
Go-4 5 8 study was LCR. Patient were randomized between IMRT
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Table 4. Univariate analysis - Kaplan-Meier analysis of differences between the groups with the log-rank test. A multivariate analysis of survival accord-
ing to risk factors was performed with the use of the Cox proportional-hazards regression model using forward stepwise method.

OS-univariate- OS-multivariate-

LCR-univariate-

LCR-multivariate- DFS-univariate- DFS-multivariate-

analysis analysis analysis analysis analysis analysis
Gender (F vs M) NS ND NS ND NS ND
Stage (I vs IV) <0.001 <0.001 <0.001 0.027 <0.001 <0.001
Primary site <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Grading (1/2 vs 3/4) NS ND NS ND NS ND
Smoking status(smokers vs. <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
non-smokers)
Smoking status (p/y >20< vs <0.001 <0.001 <0.001 0.002 <0.001 <0.001
non-smokers)
Alcohol cons. <0.001 NS 0.019 NS <0.002 NS
Concomitant CHT 0.002 <0.001 0.009 0.003 0.001 <0.001
Concomitant CHT (cisplatin NS ND NS ND NS ND
3w vs w)
NAC NS ND NS ND NS ND
Immunohistochemistry p16 0.006 NS (0.051) NS ND 0.008 0.021

Gender-F-females, M-men; Smoking —p/y-package years; CHT-chemotherapy; 3w vs w — three weekly versus weekly; NAC - neoadjuvant chemotherapy;

NS - not significant; ND - not done;

dose (70 Gy/7weeks). With the median follow-up 4.7 years,
neither LCR nor OS were significantly different in the both
arms. Unfortunately, this study was terminated prematurely
due to slow accrual and adoption IMRT technique as a
standard treatment strategy in France.

The significantly positive results in favor for IMRT were
found in trial of Peng et al. [13] where only patients with
nasopharyngeal cancer were included. Six hundred sixteen
patients were randomized to be treated by 2D-RT or IMRT.
5-year LC was 81.5 % in IMRT arm and 62.2% in 2D-RT arm
(p=0.05) in the case of T4 tumor. Five-year OS in IMRT and
2D-RT was 79.6% and 67.1%, respectively (p=0.02).

The disease-related endpoints of our non-randomized
study corresponds with above-mentioned RCTs. No statis-
tically significant differences in LCR and OS were found
between the 3D-CRT and IMRT-SIB groups despite the
higher dose delivered to the GTV in patients treated with
IMRT-SIB. On the other hand, there was statistically signifi-
cant higher incidence of distant metastasis in the IMRT-SIB
group (p=0.001 log rank). Because no difference in LCR and
OS was proven between the two groups, a likely explanation
are changes in follow-up during IMRT era. More precise
imaging methods such a PET scan have been put into follow-
up algorithm recently. Another explanation could be that in
IMRT-SIB group higher proportion of stage IV patient were
enrolled.

The HNC treatment intensification with the addition of
chemotherapy or radiotherapy escalation leads to increased
toxicity at the same time. IMRT allows to improve the thera-
peutic ratio resulting in better toxicity profile.

Several RCTs compared acute and late toxicity between
2D-RT/3D-CRT and IMRT. Mucositis, dermatitis, odyno-
phagia, dysphagia and dysgeusia are the most common

acute toxicity during HNC RT. They can affect an adequate
oral intake resulting in weight loss and sometimes can lead
to treatment interruption with potential impact to clinical
outcome. Mucositis is a very common adverse event during
RT and the incidence is influenced more by primary site
of the tumor and concomitant chemotherapy than radio-
therapy technique. In RCT of Gupta et al. [11] no difference
was found in acute mucositis severity between 3D-CRT and
IMRT in group of 60 patients. When looking at mucositis
grade 2 or worse a difference can be seen. 26 of 28 patients
in 3D-CRT compared to 25 of 32 patients in IMRT groups
resulted this level of toxicity.

In our study, 216 of 222 patients in 3D-CRT arm and 225
of 258 patients in IMRT-SIB arm developed mucositis grade
2 or worse, which was a statistically significant difference in
favor of IMRT-SIB. However, our retrospective non-random-
ized study could be prone to bias and the results should be
interpreted with care.

The level of acute skin toxicity during HNC radiotherapy
corresponds with severity of late skin and subcutaneous tissue
toxicity according to the study of Nevens et al. [29]. Radio-
dermatitis grade 3 or worse at the end of RT develops fibrosis
2 or worse in 6 months after RT based on RTOG criteria.
It was supposed that IMRT can cause severe acute derma-
titis in compare to 3D-CRT. The above-mentioned studies [6,
11, 12] did not confirm this prediction. Not only there were
no differences in acute radiodermatitis between 3D-CRT
and IMRT, but late subcutaneous fibrosis was less frequent
in IMRT treated patients [13]. Two hundred eleven of 222
patients in 3D-CRT and 228 of 258 patients in IMRT-SIB
groups in our study had grade 2 or worse acute dermatitis
and statistically significant difference in favor of IMRT-SIB
group was found. These results were not confirmed in late



836

M. JIRKOVSKA, T. NOVAK, B. MALINOVA, R. LOHYNSKA

subcutaneous fibrosis where no difference between the two
groups were proven.

RT of HNC can cause a different kind of late toxicity -
xerostomia, dysphagia, skin fibrosis or fatigue. The most
debilitating adverse event is xerostomia caused by salivary
glands hypofunction resulting in permanent oral discomfort
with swallowing and speech difficulties. Several random-
ized trials [6, 9-14, 28] compared salivary glands toxicity
between patients treated by 2D-RT or 3D-CRT, and IMRT.
All of them concluded that IMRT reduces the delivering dose
to the contralateral parotid gland and decreases xerostomia
compared to conventional technique.

Nutting et al. [6] in their phase 3 multicenter random-
ized controlled trial “Parotid-sparing intensity modulated
versus conventional radiotherapy in head and neck cancer
(PARSPORT)” evaluated salivary toxicity using question-
naires and salivary flow before and after radiotherapy. The
absolute difference of xerostomia grade 2 or worse in 24
months after radiotherapy were 54% in favor for IMRT (83%
in the 3D-CRT group vs. 29% in the IMRT group). These
results were independent to the primary tumor site, disease
stage or usage of neoadjuvant chemotherapy. Salivary toxicity
grade 2 or worse was a primary endpoint in study of Gupta et
al. [11]. The evaluation of xerostomia was based on the RTOG
criteria and physician rate. Significantly lower proportion of
xerostomia grade 2 or worse was found after IMRT treatment
compared with 3D-CRT (59% vs. 89%, p=0.009).

Swallowing problems are common long-term treatment-
related toxicity identified as a very distressing symptom
according to the patient experience. Dysphagia can occur in
up to 50% of patients after chemoradiotherapy for HNC [30].
Pharyngeal constrictors and supraglottic larynx are the most
important anatomical structures responsible for the proper
swallowing function [31-33]. The major clinical conse-
quences of dysphagia are dietary modifications, nutritional
deficiencies and the risk of aspiration [31]. To confirm the
reduction of swallowing toxicity by special IMRT technique
- dysphagia optimized intensity modulated radiotherapy - a
new randomized trial was setup in 2016 [34].

Fatigue has a multifactorial etiology which can be caused
by combination of radiotherapy, chemotherapy, nutritional
factors and stress. Nutting et al. [6] surprisingly found that
the patients treated by IMRT technique suffered more from
fatigue in compare to the patients with conventional treatment
(74% vs. 41%, p=0.0015). They suggested the higher dose to
the posterior fossa by IMRT technique as a possible explana-
tion of the higher fatigue incidence. Late side-effects of the
treatment were evaluated in our study. Twenty-five patients
of 3D-CRT arm and 72 patients of IMRT-SIB arm completed
the EORTC/RTOG late toxicity evaluation questionnaires
during their last follow-up visit. Salivary gland, mucosal
tissue and subcutaneous tissue toxicity, risk of dysphagia and
fatigue were evaluated. Most patients developed grade 0-1
toxicity, with similar results in both groups. The significantly
positive results in favor for IMRT-SIB group (p=0.001) were

found at xerostomia evaluation. Grade 2 or worse toxicity
was found less at IMRT group compared to 3D-CRT group
(20 out of 72 [27.7%] vs. 16 out of 25 [64%]). A weakness
of these results could be that only a part of patients of both
groups were evaluated in the different time-points.

In our study, we found several statistically significant
risk factors, which positively affected OS, LCR and DES as
primary sites of nasopharynx, larynx or unknown primary,
lower clinical stage III, non-smoking status, abstinence or
irregular alcohol consumption and concomitant chemo-
therapy. These favorable risk factors were similar in 3D-CRT
and IMRT-SIB arms.

In our study, we confirmed that IMRT-SIB is a safe radio-
therapy method where less toxicity can be reached without
compromising local control and overall survival in compar-
ison with the older 3D conformal technique. No statistically
significant differences in LCR and OS were found in our
study between the 3D-CRT and IMRT-SIB groups, despite
the higher dose delivered to the GTV in patients treated with
IMRT-SIB. Significantly lower MFS without compromising
OS and LCR in IMRT-SIB group could be explained by more
precise follow-up of IMRT-SIB group and implementation
of functional imagine methods (PET/CT) to the diagnostic
algorithm. Acute toxicity (mucosal and skin toxicity) was
significantly reduced in patients treated by IMRT-SIB. From
late toxicity evaluations the most important was significantly
reduced xerostomia in IMRT-SIB treated patients.
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