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Open surgery versus primary radiotherapy in T4b sinonasal carcinoma
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Abstract. Open surgery versus primary radiotherapy in T4b sinonasal carcinoma. Objectives: We evaluated the outcome
after primary open surgery with adjuvant intensity modulated radiotherapy (IMRT) compared with primary IMRT in
patients diagnosed with T4b sinonasal carcinoma.

Methodology: Between 1998 and 2016, 20 patients with T4b sinonasal adenocarcinoma were treated with primary IMRT
(n=10) with a high dose to achieve maximal locoregional control or adjuvant IMRT following open surgery (n=10).
Results: With a median follow-up of 13.2 months, overall survival rates at 1 and 3 years were 55.0% and 15.2%,
respectively; disease-specific survival rates were 47.8% and 23.9%, respectively; and disease-free survival rates were
45.0% and 22.5%, respectively. No significant differences were found between primary surgery and primary IMRT.
Conclusions: Based on our limited, though homogeneous, patient cohort of ¢T4b sinonasal adenocarcinomas, we did not
detect differences in outcome between primary surgery followed by adjuvant IMRT vs. primary IMRT. Thus, we have
chosen to avoid open surgery, due to the bad prognosis and its invasiveness, by performing organ-sparing IMRT as the

primary treatment for these patients.

Introduction

Only 3-5% of all head and neck cancers originate
from the nasal cavity or paranasal sinuses.'
Anatomically, sinonasal carcinoma is hidden within
the facial bone, so alarge, invasive, and symptomless
growth is possible, leading to dural or cerebral
invasion at diagnosis in 4-30% of patients.>* The
most recent eighth edition of TNM classification
of malignant tumours groups sinonasal carcinomas
with dural and/or cerebral invasion as stage T4b.*
There is currently no consensus for the treatment
of T4b sinonasal carcinoma. However, primary
open surgery, followed by adjuvant radiotherapy
was historically used; although, it was regularly
complicated by infection, cerebrospinal fluid
leakage, and periorbital facial oedema.’ Due to
surgical advancements, recent studies on sinonasal
adenocarcinomas have focussed primarily on
endoscopic treatments.® Until December 2005, our
institutes’ guidelines were primary craniofacial
resection followed by adjuvant radiotherapy. In
our experience, this therapeutic approach has
led to poor outcome, including leptomeningeal
recurrences that might be related to open surgery;
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therefore, primary surgery was avoided and
upfront primary radiotherapy became the standard
treatment for non-metastasized T4b sinonasal
carcinomas at our institution.” In this manuscript,
we retrospectively compare survival and disease
control after post-operative adjuvant intensity-
modulated radiotherapy (IMRT) vs. primary IMRT
for patients with T4b sinonasal carcinoma.

Materials and methods
Patient selection

This single-centre retrospective study analysed all
patients who were treated for both cT4b and pT4b
paranasal sinus carcinomas between December
1998 and February 2016 in our hospital. Patients
were included if they were diagnosed and treated
with a high dose intended to achieve maximal
locoregional control for a previously untreated T4b
(para)nasal sinus adenocarcinoma or squamous
cell carcinoma. A total of 44 patients with T4b
sinonasal carcinoma were treated in this period.
Of these patients, 22 were excluded as they had a
tumour that was histologically different from an
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adenocarcinoma. Two patients were excluded as
they were diagnosed with a recurrent sinonasal
tumour. All remaining patients were prescribed a
full dose of radiotherapy either as primary treatment
or after radical surgery.

Treatment protocol

Surgery

Ten out of 20 patients underwent surgical resection
from 1999 to 2005. Six patients underwent
ethmoidectomy via a lateral rhinotomy approach,
which was combined with a frontal or bifrontal
trepanation in four patients to adequately expose
the lamina cribrosa. One patient underwent a
craniofacial resection, and the Denker approach for
tumour removal was used in one patient. Free flap
reconstruction by radial forearm flap or anterior
lateral thigh flap was performed in two patients.
Surgery was not performed at the study hospital
in two patients; therefore, the specific surgical
techniques used for these patients were unavailable.

Planning and delivery of IMRT

For planning of IMRT, all patients underwent
iodine-enhanced computed tomography (CT) and
magnetic resonance imaging (MRI) in the treatment
position with an individual thermoplastic mask.
The slice thickness of the planning CT was 2 mm.
Planning of IMRT was identical for all patients
and was previously described.® In brief, we used
a seven-beam non-coplanar set-up with five beam
directions in the sagittal and two beam directions
in the transversal plane. All patients were treated
on an Elekta SL25, Elekta SL18, or Synergy linear
accelerator using 6 MV photon beams and IMRT.
Until 2005, position verification was performed
with portal imaging; thereafter, it was cone-beam
CT was used for the first four fractions and,
after adjustment to the average deviation, it was
controlled on a weekly basis.

Follow-up

During IMRT, patients were evaluated at least
weekly for acute radiotoxicity by a radiation
oncologist. After completion of IMRT, patients
were seen by a radiation oncologist and/or head
and neck surgeon for follow-up every 3 months
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during the first year, every 4 months during the
second year, biannually in the subsequent 3 years,
and annually thereafter. Patients were analysed for
local and regional relapse by clinical examination
and endoscopy. Also, MRI was performed routinely
at least every 6 months during the first 2 years after
treatment and once every year thereafter. When
clinically indicated, MRI and/or CT were performed
to confirm relapse. Distant metastasis was checked
for by CT of the thorax.

Statistical analysis

Overall survival (OS), disease-specific survival
(DSS), and disease-free survival (DFS) were
calculated using Kaplan-Meier survival statistics
from the date of diagnosis. Differences between
subcategories were calculated using the log-rank
test or Fisher’s exact test. P < 0.05 was considered
statistically significant. For all statistical analyses,
the Statistical Package for Social Sciences (SPSS
Inc., Chicago, IL, version 20) was used.

Results
Patients

Between December 1998 and February 2016, 20
patients were diagnosed and treated for adeno-
carcinoma stage T4b of the nasal cavity or paranasal
sinuses in our hospital. The median patient age
was 64.15 years (range: 36-78 years). There were
follow-up data for all patients until the last follow-
up or death. Further characteristics of the patients
are given in Table 1.

Treatment modalities

Ten out of 20 patients (50%) underwent surgical
resection of the tumour with post-operative
IMRT. All patients were prescribed 70 Gy in
35 fractions, except for one patient during the
early IMRT implementation phase (before April
2000), who was prescribed a dose of 66 Gy in 33
fractions. Seventeen patients received the complete
initial prescribed radiotherapy dose. One patient
terminated the treatment due to disease progression
after 52 Gy, one patient refused further treatment
after 40 Gy, and therapy was stopped for one patient
after 52 Gy because of progressive agitation and
confusion that required the therapy to be stopped.
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Table 1
Summary of the patient and disease characteristics
Variables No. of patients (%)
Cohort Surgery IMRT

Gender

- Male 18 (90.0) 9 (90.0) 9 (90.0)

- Female 2 (10.0) 1(10.0) 10 (10.0)
Age (years)

- Range 36-8 36-71 57-78

- Mean 61.15 55.4 66.9

- Median 64.5 57.5 67.0
Subsite

- Ethmoid 17 (85.0) 9 (90.0) 8 (80.0)

- Nasal cavity 1(5.0) 0(0) 1(10.0)

- Nasal cavity + sphenoidal sinus 1(5.0) 1(10.0) 0(0)

- Impossible to specify primary subsite 1(5.0) 0(0) 1 (10.0)
Karnofsky performance status

-9 8 (45.0) 4 (40.0) 4 (40.0)

- 80 9 (45.0) 3 (30.0) 6 (60.0)

- 50 1(5.0) 1(10.0) 0 (0)

- Unknown 1(5.0) 1 (10.0) 0 (0)
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Kaplan-Meier estimates for overall, disease-specific, and disease-free survival in all patients calculated from the date of diagnosis.
A: Overall survival in primary surgery and primary radiotherapy. B: Disease-specific survival in primary surgery and primary
radiotherapy. C: Disease-free survival in primary surgery and primary radiotherapy.
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Table 2
Post-treatment characteristics
Characteristics No. of patients (% of subgroup)
Cohort Surgery IMRT
Follow-up (months)
- Mean 27.8 25.0 30.5
- Median 13.2 11.0 15.0
- Range 2,5-128.9 4.3-89.6 2.5-128.9
Evolution
- Dead 16 (80.0) 8 (80.0) 8 (80.0)
- Local relapse 9 (45.0) 5(50.0) 4 (40.0)
- Regional relapse 0 (0) 0 (0) 0(0)
- Metastatic disease 5(25.0) 2 (20.0) 3(30.0)
- (Synchronic) second primary 3 (15.0) 2 (20.0) 1 (10.0)
- Leptomeningeal relapse 3 (15.0) 2 (20.0) 1(10.0)
Cause of death
- Cancer progression 14 (70.0) 6 (60.0) 8 (80.0)
- Disease-related 1(5.0) 1 (10.0) 0(0.0)
- Lung Cancer 1(5.0) 1 (10.0) 0(0.0)

The median treatment time was 48 days, ranging
from 29-55 days.

Survival

A total of 16 patients (80.0%) had died at the date
of analysis. Two patients were diagnosed with a
second primary cancer (small cell lung cancer and
breast cancer). All other deaths were the result of
the disease (Table 2). The OS rates at 1 and 3 years
were as follows: 55.0% and 15.2% for all patients,
50.0% and 20.0% for the surgical group, and 60.0%
and 13.3% for the radiotherapeutic group (Figure
1-A). The DSS rates at 1 and 3 years were as
follows: 47.8% and 23.9% for all patients, 43.8%
and 29.2% for the surgical group, and 50.8% and
16.9% for the radiotherapeutic group (Figure 1-B).
The DFS rates at 1 and 3 years were as follows:
45.0% and 22.5% for all patients, 38.9% and 25.9%
for the surgical group, and 50.8% and 16.9% for the
radiotherapeutic group (Figure 1-C). No significant
difference was found for OS (p=0.87), DSS
(p=0.96), or DFS (p=0.82) between the patients
treated with primary surgery or primary IMRT.

Disease control

After initial treatment, nine patients were
diagnosed with local relapse. Four of these patients
were initially treated with primary IMRT and five
with primary surgery (p=1.00). No patients were
diagnosed with regional relapse. Five patients were
diagnosed with metastatic disease, three of whom
were initially treated with primary IMRT and two

with primary surgery (p=0.60). Two patients were
diagnosed with a second primary tumour, one with
breast cancer and one with small cell lung cancer.
One patient had a synchronic second primary pT2b
prostate tumour at the date of diagnosis. A total of
three patients developed leptomeningeal relapse
after treatment. Two of these were initially treated
with craniofacial resection and adjuvant IMRT and
one with primary IMRT. There was no significant
difference between initial open surgery and
primary IMRT (p=0.56). All of these patients were
diagnosed with the leptomeningeal relapse during
the first 6 months post-IMRT.

Discussion

Our institute replaced surgery as a treatment option
for T4b sinonasal carcinoma with primary IMRT
in December 2005 because the aggressive surgery
followed by IMRT approach resulted in very low
disease control and survival. In this study, we
retrospectively analysed the survival in patients
who were treated with and without surgery. Our
results did not demonstrate differences in OS, DSS,
or DFS between patients undergoing surgery with
adjuvant radiotherapy and those who received
radiotherapy alone for T4b adenocarcinomas.

The main concerns that made us change our
treatment paradigm from craniofacial resection
to primary IMRT was the morbidity and reduced
quality-of-life (QOL) associated with craniofacial
resection for advanced sinonasal tumours. In the
multicentre study by Ganly et al. including 1193
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patients, craniofacial resection for malignant
tumours of the skull base had a post-operative
complication rate of 36.3%.° Most complications
were neurological (16.2%); followed by peri-
operative death (5%); infections, bleeding ,and
other general surgical complications (4.8%); and
ophthalmological complications (1.7%). When
dural and brain invasion were present, the
complication rates increased up to 45% and 49%,
respectively, and neurological symptoms increased
up to 22% and 32%, respectively.

Another complication following craniofacial
resection is the occurrence of Ileptomeningeal
carcinomatosis, which was observed in three of
our 20 patients. Although this number is relatively
high, there is no evidence that these leptomeningeal
carcinomatosis would not have occurred if surgery
was not performed. In this cohort, we could not
show a significant difference in the occurrence of
leptomeningeal carcinomatosis between primary
surgery and primary IMRT (p=0.56), possible
due to the small number of treated patients with
this specific disease stage. However, in some
case reports, leptomeningeal carcinomatosis is
already present at the time of diagnosis, when no
treatment was performed.'’ Although, as previously
stated by Espitalier et al.", a laceration of the dura
during surgical removal can provide cancer cell
access into the cerebrospinal fluid, which results
in an elevated risk for leptomeningeal relapse. A
laceration of the dura can occur in both open and
endoscopic resection of the tumour; therefore, we
chose primary IMRT over open and endoscopic
surgery for the primary treatment.

Decreased QOL in the first six months after
skull base surgery has been described. However, an
increase to pre-operative values at 12 months post-
surgery in malignant tumours was also reported.'>
B Qur cohort of patients with T4b sinonasal
tumours had a median overall survival of 13.2
months. Treatment with craniofacial resection in
a population with a median survival < 12 months
would result in high morbidity and decreased QOL
in the patients’ last days of life.

Comparisons with previous studies are difficult as
only a limited number of papers have been published
on T4b sinonasal carcinomas. Most retrospective
studies did not differentiate between the currently
used T4a and T4b stages; therefore, comparisons
with other series are difficult to interpret.* Kreppel
et al." and Vergez et al.” described 28 and 16
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patients with T4b sinonasal carcinoma with OS
rates better than ours, i.e. a 5-year survival of
15% and 3-year survival of 56%, respectively. A
comparison between our study and that of Kreppel
is difficult as the histopathology and treatment used
for the group with stage T4b is not mentioned."
Multiple studies included endoscopic endonasal
resection as the surgical treatment of choice. We
abandoned surgery as a primary treatment in 2005,
when endoscopic resection of sinonasal carcinomas
was not usually performed. Vergez et al.” studied
the use of endoscopic surgery in adenocarcinomas
of the paranasal sinuses. Their better OS and DFS
might be the result of better prognostic factors for
their patients, making them better fit for surgery.
Moreover, the 1-year OS reported by Vergez et al.
was increased compared with our results by 18%.
This might indicate there is a place for endoscopic
surgery, including endoscopic-assisted craniofacial
resection, in the treatment of stage T4b sinonasal
carcinoma.'® Although there is a clear inclusion
bias in the study by Nicolai et al. as all stages of
sinonasal carcinoma were grouped, they found
an overall 5-fold higher lethal risk in patients
treated with craniofacial resection compared with
endoscopic resection in ethmoidal sinonasal carci-
nomas."” Due to the proposed major difference
in survival between craniofacial resection and
endoscopic resection, future studies should compare
primary IMRT with endoscopic resection followed
by IMRT.

When radiotherapy is considered for advanced
sinonasal tumours, IMRT should be the minimal
standard of care. Older radiation techniques are
associated with severe toxicity such as osteo-
radionecrosis and ophthalmological complications
resulting in radiation-induced blind-ness in 35-
47% of patients due to optic neuropathy and
retinopathy.”" Since the introduction of IMRT,
radiation-induced blindness can be avoided while
delivering adequate dose to the target. We already
demonstrated the ability of IMRT to avoid radiation-
induced blindness while maintaining disease
control and survival in a series of 130 patients with
all stages of sinonasal carcinoma.” As doses > 65 Gy
should be delivered to obtain the best control and
survival, IMRT or a comparable therapy should be
considered the standard treatment in patients with
sinonasal carcinoma using a minimum radiation
dose of 65 Gy.”
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More recent techniques in radiotherapy, such as
volumetric modulated therapy (VMAT), carbon
ion radiotherapy, and charged particle therapy
show promising results in the treatment of sinus
cancers.”’” The meta-analysis by Patel et al.
supports the use of charged particle therapy in
the treatment of sinonasal carcinomas. Further
reports on survival and possible complications are
necessary. The use of chemoradiotherapy in the
treatment of locoregionally advanced pharyngeal
and laryngeal cancer results in improved disease
control and survival.”® However, few studies have
considered the use of chemotherapy in loco-
regionally advanced sinonasal carcinoma.*

The major strength of this study is that, to the
best of our knowledge, this is the only study that
compares craniofacial resection followed by
adjuvant IMRT with primary IMRT specifically
in T4b sinonasal adenocarcinomas. The major
limitations are that data were retrospectively
collected, the cohort was limited to 20 patients, and
no randomisation was possible as patients before
2005 underwent surgery and those after 2005
received primary radiotherapy.

Conclusion

In this group of patients suffering from cT4b
sinonasal carcinomas, we observed very modest
survival whether they were treated with primary
IMRT or open surgery followed by adjuvant
IMRT, with OS rates of 13.3% and 20.0% at 3
years, respectively. Based on this limited, though
homogeneous patient cohort, we cannot detect
differences in outcome between the two treatment
modalities. Based on the bad prognosis and
invasiveness of the surgery, IMRT will remain
the primary treatment for these patients. Further
analysis in larger patient groups remains necessary
to draw firm conclusions, although this remains
difficult for this rare disease and stage.
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