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ABSTRACT

Background: This study was performed to evaluate the impact of upgrade of radiotherapy system, including launch of inten-
sity-modulated radiation therapy (IMRT), on the therapeutic outcomes.

Materials and methods: Patients with head and neck (H&N) squamous cell carcinoma (SCC) who underwent postoperative
radiotherapy at our hospital between June 2009 and July 2019 were retrospectively reviewed. In July 2014, we converted
the radiotherapy technique for these patients from a 3-dimensional conformal radiotherapy (3D-CRT) to IMRT, along with
the adoption of a meticulous planning policy and a few advanced procedures, including online imaging guidance.

Results: A total of 136 patients (57 treated with the previous system and 79 treated with the upgraded system) were reviewed.
There were significantly more patients with extracapsular extension in the upgraded-system group than the previous-system
group (p = 0.0021). There were significantly fewer patients with > Grade 2 acute and late adverse events in the upgraded-sys-
tem group than the previous-system group. The differences in progression-free survival (PFS), distant metastasis-free survival
(DFFS), locoregional progression-free survival (LRPFS), and overall survival (OS) between the two groups were not statistically
significant (p = 0.8962, 0.9926, 0.6244, and 0.4827, respectively). Multivariate analysis revealed that the upgrade had neither
positive nor negative impact on survival outcomes. Extracapsular extension was independently associated with decreased
LRPFS and OS (p = 0.0499 and 0.0392, respectively).

Conclusions: The IMRT-centered upgrade was beneficial for the postoperative patients with H&N SCC, because survival
outcomes were sustained with less toxicities.
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Introduction

Postoperative radiotherapy for head and neck
squamous cell carcinoma (H&N SCC) was intro-
duced in the 1950s [1] and has been performed

with or without chemotherapy as a standard
of care in patients with risk factors for recur-
rence [2]. Intensity-modulated radiation ther-
apy (IMRT) has been widely applied for head
and neck cancers because of its superiority to
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the conventional 3-dimensional conformal ra-
diotherapy (3D-CRT) technique in terms of pre-
venting severe xerostomia [3, 4]. However, there is
controversy regarding its effectiveness on survival
outcomes, especially in a postoperative setting [4,
5]. Our hospital upgraded its radiotherapy system
in July 2014. The radiotherapy technique for post-
operative H&N SCC patients was converted from
3D-CRT to IMRT. Since then, we have meticulous-
ly planned and performed IMRT, which has been
accompanied by newly incorporated procedures.
This study was performed to evaluate the impact
of our IMRT-centered upgrade on the therapeu-
tic outcomes by comparing patients treated with
the upgraded system with those treated with
the previous system.

Materials and methods

Patients

Asmentioned above, our hospital started treating
patients with the upgraded system in July 2014, pri-
or to which we used the previous system. The study
period was set in order to compare the clinical out-
comes of patients with H&N SCC who underwent
postoperative radiotherapy at our hospital during
the 5 years after the upgrade (the upgraded-sys-
tem era) with those treated during the 5 years be-
fore the upgrade (the previous-system era). Hence,
the patients treated between June 2009 and July
2019 were retrospectively reviewed. Patients with
any histological type other than SCC were excluded
from the study.

This retrospective study was conducted in ac-
cordance with the 1964 Declaration of Helsinki
and its later amendments. Our Institutional Review
Board approved the study (approval number: 5353)
and waived the requirement for informed consent.

Treatment

All patients underwent physical examinations,
endoscopy, and computed tomography (CT) as
pre-treatment workups. Magnetic resonance imag-
ing (MRI) was added if necessary. Almost all the pa-
tients underwent 18F-fluorodeoxyglucose-positron
emission tomography (FDG-PET).

Combinations of platinum agents and taxanes
were administered as pre-operative chemotherapy
at the discretion of the attending physicians. De-
finitive resection of primary lesion with neck dis-

section was routinely performed for the patients
throughout the study period. Prophylactic neck
dissection for the patients with no lymph node me-
tastasis was omitted if the primary site was either
the nasal or the paranasal cavity.

Regardless of the radiotherapy technique, treat-
ment volumes were determined based on preop-
erative imaging examinations, operative findings,
and pathological review of surgical specimens.
However, we were aware of the risk of geograph-
ical misses in implementing IMRT [6], so we in-
tensified both pre- and postoperative discussion
at the institutional multidisciplinary H&N Cancer
Board consisting of radiation oncologists, head
and neck surgeons, dentists, and medical oncolo-
gists at the beginning of the upgraded-system era.
We deepened the understanding of each patient’s
condition through discussion to maintain the qual-
ity of IMRT planning.

For patients in the previous-system group,
a non-opposed pair of fields was used for initial
whole-neck irradiation. Then, the spinal cord
was shielded by reduction in the posterior bor-
der of the fields. This posterior neck tissue was
typically supplemented with 6-12 MeV electron
fields matched at the skin surface and prescribed to
achieve the desired dose. Boost fields were subse-
quently delivered when needed. By this sequential
cone-down technique, the following doses were
delivered to the clinical target volumes (CTVs):
57.6 Gy for low-risk CTVs (elective lymph node
levels), 63 Gy for intermediate-risk CTVs (entire
tumor beds and nodal levels containing metastat-
ic lymph nodes), and 70.2 Gy for high-risk CTVs
(positive surgical margins) at 1.8 Gy per fraction,
5 days per week [7]. Extracapsular extension
wasn't taken into account when deciding radia-
tion doses.

Patients in the upgraded-system group were
treated with volumetric modulated arc therapy
with a simultaneous integrated boost consisting of
35 fractions with single doses of 1.6 Gy (low-risk
CTVs), 1.8 Gy (intermediate-risk CTVs), and 2 Gy
(high-risk CTVs), 5 days per week, up to a total
dose of 56 Gy/63 Gy/70 Gy. A boost of 7.4 Gy in
four fractions was added to the 63 Gy if a surgi-
cal margin was revealed to be positive after initi-
ating radiotherapy. As well as 3D-CRT, extracap-
sular extension wasn’t considered when deciding
radiation doses. Although the CTVs were deter-
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mined according to a policy similar to that used
in 3D-CRT planning, we made more efforts to de-
lineate precise target volumes in IMRT planning
compared with 3D-CRT planning. The results of
the clinical assessment described above were fully
incorporated into the delineation, although image
registration wasn't routinely used. Lymph node lev-
els were routinely delineated according to the con-
sensus guidelines [8, 9].

In 3D-CRT, we prescribed a radiation dose to
the isocenter or a nearby point, at the discretion of
the attending physicians. In IMRT, we prescribed
a dose covering 95% (Dys,) of the representative
planning target volume (PTV).

The radiotherapy planning system (RTPS) was
Eclipse (Varian Medical Systems, Palo Alto, CA,
United States) throughout the study period, but
dose calculation in 3D-CRT planning was most-
ly performed using the pencil-beam convolution
(PBC) algorithm, which is equivalent to the Clark-
son method, with heterogeneity correction using
the Batho power law. We updated the RTPS when
we upgraded the radiotherapy system. The dose
calculation algorithm was replaced by the anisotro-
pic analytical algorithm (AAA).

Most of the patients in the previous-system
group were treated with a linear accelerator that
did not have any online imaging guidance func-
tions. On the other hand, the linear accelerator
which we obtained for the upgraded system was
equipped with an ExacTrac X-ray online imaging
guidance system (Brainlab, Munich, Germany),
and we routinely corrected the patient’s position in
each session of IMRT.

We usually started radiotherapy no later than
6 weeks after surgery [10], and concurrent che-
motherapy was administered to patients with risk
factors, such as extracapsular extension of lymph
node metastases and positive surgical margins [11],
regardless of radiotherapy technique. A tri-weekly
cisplatin regimen was uniformly adopted.

Patients were examined at least weekly during
radiotherapy to monitor radiation-induced acute
toxicity. They were followed once a month for
the first one or two years. Then, the intervals were
gradually prolonged. Radiological image examina-
tions were performed every 3 to 6 months during
the follow-up period. Routine follow-up usual-
ly ended 5 years after treatment but continued as
needed or requested.

Statistical analysis

Statistical comparisons between the previ-
ous-system and upgraded-system groups were per-
formed using Fisher’s exact testand the Mann-Whit-
ney U test. Survival analyses were then performed.
Any cases of treatment failure or death due to any
cause were counted as events in progression-free
survival (PFS) analysis. Either distant metastasis
or death due to any cause was counted as an event
in distant metastasis-free survival (DMFS) anal-
ysis. Either locoregional failure or death due to
any cause was counted as an event in locoregional
progression-free survival (LRPES) analysis. Death
due to any cause was counted as an event in over-
all survival (OS) analysis. These survival rates of
each of the groups were calculated from the day
of surgery, and the survival curves were calculated
by the KaplaniMeier method. Statistical compari-
sons between the curves of the previous-system
and upgraded-system groups were performed by
the log-rank test. A multivariate analysis was per-
formed based on the Cox proportional-hazards
regression model to identify the prognostic factors
for the survivals. All statistical analyses were per-
formed with JMP version 14.2.0 (SAS Institute Inc.,
Cary, NC, United States). In all analyses, p < 0.05
was taken to indicate statistical significance. Tox-
icity was assessed using the Common Terminology
Criteria for Adverse Events version 5.0 (National
Cancer Institute, Rockville, MD, United States).

Results

A total of 136 patients with H&N SCC who re-
ceived postoperative radiotherapy at our hospital
between June 2009 and July 2019 were identified
as appropriate for this study. Fifty-seven were treat-
ed with the previous system and 79 were treated
with the upgraded system. Table 1 shows the char-
acteristics of both groups. Performance status was
evaluated with the Eastern Cooperative Oncolo-
gy Group scale [13], and geriatric assessment was
performed with the Charleston Comorbidity Index
(CCI) [13]. The stages were harmonized accord-
ing to the current 8" edition of the American Joint
Committee on Cancer/Union for International
Cancer Control (AJCC/UICC) staging system [14].
There were significantly more patients who un-
derwent pre-treatment MRI in the upgraded-sys-
tem group than the previous-system group. There
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Table 1. Patient characteristics

Characteristics

Radiotherapy system

Previous (%)

Upgraded (%)

Number of patients 57 79

Age (years) 26-88 (M: 66) 24 - 86 (M: 67) 0.9419
Age (= 75/< 75) 16 (28.1)/41 (71.9) 19 (24.1)/60 (75.9) 0.6917
Sex (male/female) 45(78.9)/12 (21.1) 64 (81.0)/15 (19.0) 0.8290
Primary site (tongue and oral cavity/others) 33(57.9)/24 (42.1) 50 (63.3)/29 (36.7) 0.5941
Primary site (details)

Nasal and paranasal cavity 4(7.0) 3(3.8)

Tongue and oral cavity 33 (58.0) 50 (63.3)

Oropharynx 2(3.5) 3(3.8)

Hypopharynx 8(14.0) 9(11.4)

Larynx 10(17.5) 14(17/7)

PS (0-1/z2) 55(96.5)/2 (3.5) 75 (94.9)/4 (5.1) 1.0000
PS (details)

0 44 (77.1) 49 (62.0)

1 11(19.3) 26 (32.9)

2 1(1.8) 4(5.1)

3 1(1.8) 0(0)

CCl(<3/24) 54 (94.7)/3 (5.3) 77 (97.5)/2 (2.5) 0.6494
CCl (details)

2 51(89.4) 75 (94.9)

B 3(5.3) 2(2.5)

4 2(3.5) 1(1.3)

5 1(1.8) 1(1.3)

Pre-treatment MRI (yes/no) 36 (63.2)/21 (36.8) 70 (88.6)/9 (11.2) 0.0007
Pathological stage (I-1I/I1I-1V) 4(7.0)/53 (93.0) 5(6.3)/74 (93.7) 1.0000
Pathological stage (details)

| 2(3.5) 1(1.3)

Il 2(3.5) 4(5.1)

I 7(12.3) 6(7.6)

v 46 (80.7) 68 (86.0)

Pathological margin (positive/negative) 10(17.5)/47 (82.5) 14(17.7)/65 (82.3) 1.0000
Extracapsular extension (positive/negative) 8(14.0)/49 (86.0) 30 (38.0)/49 (62.0) 0.0021
Preoperative chemotherapy (yes/no) 7 (12.3)/50 (87.7) 13 (16.5)/66 (83.5) 0.6257
Concurrent chemotherapy (yes/no) 8(14.0)/49 (86.0) 28(35.0)/51 (65.0) 0.0058
Radiation dose [Gy] 57.6-70.2 (M: 63) 14.4-70.2 (M: 63) 0.6435
Follow-up period [months] 6.0-147.6 (M: 63.8) 4.1-89.6 (M: 42.2) 0.0071

CCl — Charleston Comorbidity Index; M — median; PS — performance status; MRl — magnetic resonance imaging

were significantly more patients with extracapsu-
lar extension in the upgraded-system group than
the previous-system group. Hence, significant-
ly more patients received concurrent chemothera-
py in the upgraded-system group than the previ-
ous-system group. The mean follow-up period in

https://journals.viamedica.pl/rpor

the upgraded-system group was significantly short-
er than that in the previous-system group.

Most of the patients underwent their treatment
as planned. Table 2 shows the acute adverse events
in both groups. There were significantly fewer
patients with dermatitis, mucositis, and dyspha-

957



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 6

Table 2. Acute adverse events (= Grade 2)

Events Previous-system group Upgraded-system group p-value
Dermatitis 46/57 (80.7%) 40/79 (50.6%) 0.0003
Mucositis 48/57 (84.2%) 49/79 (62.0%) 0.0067
Xerostomia 26/57 (45.6%) 23/79 (29.1%) 0.0698
Dysphagia 40/57 (70.2%) 8/79 (10.1%) <0.0001
Table 3. Late adverse events (= Grade 2)
Events Previous-system group Upgraded-system group p-value
Xerostomia 26/57 (45.6%) 14/79 (17.7%) 0.0006
Dysphagia 31/57 (54.4%) 5/79 (6.3%) < 0.0001
Osteonecrosis of the jaw 9/57 (15.8%) 4/79 (5.1%) 0.0429

gia > grade 2 in the upgraded-system group than
the previous-system group (p = 0.0003, 0.0067,
and < 0.0001, respectively). Table 3 shows the late
adverse events in both groups. There were sig-
nificantly fewer patients with xerostomia, dys-
phagia, and osteonecrosis of the jaw > Grade 2 in
the upgraded-system group than the previous-sys-
tem group (p = 0.0006, < 0.0001, and 0.0429, re-
spectively).

By the time of the last follow-up, treatment fail-
ures occurred in 60 patients (24 with distant me-
tastases alone, 26 with locoregional failures alone,
and 10 with combined failures) and 27 patients
died. Figure 1 shows the PFS, DFFS, LRPES,
and OS curves of the previous-system and upgrad-
ed-system groups. Three-year PFS, DFFS, LRPES,
and OS rates in the previous-system and upgrad-
ed-system groups were 59.6% [95% confidence
interval (CI): 46.5-71.5] and 65.0% (95% CI:
53.7-74.8), 61.4% (95% CI: 48.3-73.1) and 70.2%
(95% CI: 58.8-79.6), 66.3% (95% CI: 53.0-77.4)
and 71.4% (95% CI: 60.3-80.4), and 67.6% (95%
CI: 54.6-78.6) and 76.6% (95% CI: 65.5-85.0), re-
spectively. The differences in PFS, DFFS, LRPFS,
and OS between the two groups were not sta-
tistically significant (p = 0.8962, 0.9926, 0.6244,
and 0.4827, respectively).

A multivariate analysis was performed. Based on
prior knowledge including results of the previous
studies [11, 15], radiotherapy system and other 5
potential prognostic factors were selected as vari-
ables from the dichotomized characteristics listed
on Table 1. The selected variables were as follows:
radiotherapy system (upgraded vs previous), age

(= 75 vs. < 75), sex (male vs. female), pathological
stage (I-II vs. III-IV), pathological margin (posi-
tive vs. negative), extracapsular extension (positive
vs negative). The results of the multivariate analysis
are shown in Table 4. Radiotherapy system was not
an independent prognostic factor for the surviv-
als. Higher age was independently associated with
decreased DMFS and OS (p = 0.0184 and 0.0414,
respectively), pathological positive margin was
independently associated with decreased OS
(p = 0.0404), and extracapsular extension was in-
dependently associated with decreased LRPFS
and OS (p = 0.0499 and 0.0392, respectively).

Discussion

This study showed that the postoperative survival
outcomes of patients with H&N SCC was sustained
after upgrading the radiotherapy system, which is
IMRT-centered, along with less toxic profiles. Al-
though multivariate analysis revealed that the up-
grade had neither positive nor negative impact on
survival outcomes, the survival rates of the upgrad-
ed-system group, which contained more high-risk
patients (i.e., with extracapsular extension) than
the previous-system group, weren’t deteriorated.

Meta-analyses have shown that IMRT reduc-
es adverse events, especially xerostomia, in pa-
tients with H&N cancers [3]. Organs at risk, such
as the salivary glands, can be spared effectively by
this method [4]. In this study, adverse events oth-
er than xerostomia were also reduced in the up-
graded-system group. As a result of intensification
of the multidisciplinary approach at the begin-
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Figure 1. Survival curves of the previous-system group and the upgraded-system group. A. Progression-free survival;
B. Distant metastasis-free survival; C. Locoregional progression-free survival; D. Overall survival

Table 4. Multivariate analysis for survivals

PFS DMFS LRPFS 0S

Variables
HR (95% Cl) p HR (95% Cl) HR (95% Cl) HR (95% Cl)

Radiotherapy system

(upgraded vs. 0.97 (0.58-1.64) | 0.9136 | 0.89(0.50-1.57) | 0.6863 | 0.75(0.42-1.33) | 0.3207 | 0.66 (0.32-1.28) | 0.2199
previous)
Age (= 75 vs. < 75) 1.55(0.92-2.54) | 0.1001 | 1.96 (1.12-3.31) | 0.0184 | 1.44(0.80-2.48) | 0.2169 | 1.91(1.03-3.45) | 0.0414

Sex (male vs. female) 1.44(0.79-2.85) | 0.2427 | 1.29(0.68-2.71) | 0.4607 | 1.58(0.81-3.38) | 0.1861 | 1.37(0.66-3.19) | 0.4163

Pathological

stage (-1l vs. llI-IV) 0.79 (0.34-2.31) | 0.6395 | 0.86 (0.34-2.92) | 0.7918 | 0.58 (0.24-1.72) | 0.2984 | 0.57 (0.22-1.96) | 0.3381

Pathological margin

. . 1.55(0.84-2.69) | 0.1573 | 1.68(0.86-3.06) | 0.1204 | 1.86(0.98-3.36) | 0.0589 | 2.10(1.04-4.00) | 0.0404
(positive vs. negative)

Extracapsular
extension (positive 1.73(0.98-2.98) | 0.0578 | 1.74(0.93-3.18) | 0.0829 | 1.88(1.01-3.46) | 0.0499 | 2.12(1.04-4.19) | 0.0392
vs. negative)

PFS — progression-free survival; DMFS — distant metastasis-free survival; LRPFS — locoregional progression-free survival; OS — overall survival; HR — hazard
ratio; Cl — confidence interval; p — p-value

ning of the upgraded-system era, oral care was which may have been responsible for the reduction
routinely given to patients treated with IMRT, in the adverse events [16].
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On the other hand, there have been only a few
studies showing that IMRT is effective in improv-
ing survival outcomes. In a study using the Surveil-
lance, Epidemiology, and Results-Medicare data-
base, Beadle et al. reported that IMRT improved
cause-specific survival in patients with H&N can-
cers [5]. In contrast, a meta-analysis by De Felice
et al. reported that IMRT did not necessarily have
survival benefits in these patients [4].

There have been only a few studies regarding
survival outcome of postoperative H&N cancer pa-
tients who had IMRT. Most of them were non-com-
parison studies [17-19], and there is substantial
inconsistency among the results of the comparison
studies. Chen et al. compared postoperative pa-
tients with SCC of the oral cavity receiving IMRT
with those receiving conventional radiotherapy in
terms of survival, and reported that the 3-year lo-
coregional control and disease-free survival rates
were significantly increased in the IMRT group
[20]. In contrast, Turaka et al. reported that IMRT
was associated with increased recurrence in post-
operative H&N cancer patients [21].

Reasons for the inconsistency cannot be eas-
ily explained, but differences in the procedures
accompanying IMRT may be one source of in-
consistency [4]. From that point of view, there
are a few possible explanations for the results in
our study. We endeavored to reduce geograph-
ical misses in IMRT planning by meticulously
tailored target delineation. This may have avoid-
ed the geographical misses and contributed to
the sustained survival outcomes. Online position-
al correction with imaging guidance, which was
routinely used in the upgraded system but not in
the previous system, was also thought to avoid
the incidence of geographical misses in delivery
of radiation [22]. We adopted a suitable prescrib-
ing method and a dose-calculation algorithm for
IMRT planning. Dy, prescription ensures consis-
tent dosimetric coverage [23], and AAA is a more
accurate algorithm than PBC [24]. These factors
could also have contributed to the observed sus-
tainment in the survival outcomes. By the time
of the upgrade, we had developed fundamental
skills, such as patient immobilization, through
the previous system. This may have been an im-
portant factor for the outcomes with the upgrad-
ed system. The procedures described above, in
a combined manner, are thought to have yielded

better therapeutic outcome (sustained survivals
with less toxicity).

Comparing therapeutic outcomes before and after
conversion of the therapeutic technique in a single
institution, as in the present study, is a reasonable way
to evaluate the impact of newly incorporated meth-
odologies on the outcomes. Especially, IMRT is al-
ready widely used because of its ability to reduce ad-
verse events [3], so randomized controlled trials are
not easily applicable to such evaluations.

This study had some limitations. First, it had
a retrospective design, and the actual relations
between outcomes and interventions may have
been masked by unknown biases. Second, the sam-
ple size was small because it was from a single
institution. Third, the follow-up period was sig-
nificantly different between the upgraded-system
group and previous-system group. This may have
affected the difference of the outcomes, such as
the late adverse events. Fourth, although the up-
grade was IMRT-centered, there was a possibility
that IMRT per se had only a limited effect, because
the upgrade included a few other newly incorpo-
rated interventions and the effect of each of them
could not be quantified. Fifth, we also could not
exclude the possibility that advances in treatments
other than radiotherapy, such as surgery and che-
motherapy, affected the outcomes, because patients
in the upgraded-system group were treated in a lat-
er period than the previous-system group.

Conclusions

Our 10-year experience of postoperative radio-
therapy for H&N SCC using the previous system
in the first half and the upgraded system in the sec-
ond half was retrospectively reviewed. We found
that the upgrade, which was IMRT-centered, was
beneficial, because survival outcomes were sus-
tained with less toxicities.
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