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Background and purpose: There are some reports indicating that prophylactic three-field lymph node dis-
section for esophageal cancer can lead to improved survival. But the benefit of ENI in CRT for thoracic
esophageal cancer remains controversial. The purpose of the present study is to retrospectively evaluate
the efficacy of elective nodal irradiation (ENI) in definitive chemoradiotherapy (CRT) for thoracic esoph-
ageal cancer.

Materials and methods: Patients with squamous cell carcinoma (SCC) of the thoracic esophagus newly
diagnosed between February 1999 and April 2001 in our institution was recruited from our database.
Definitive chemoradiotherapy consisted of two cycles of dsplatin/SFU repeated every 5 weeks, with con-
current radiation therapy of 60 Gy in 30 fractions. Up to 40 Gy radiation therapy was delivered to the cer-
vical, periesophageal, mediastinal and perigastric lymph nodes as ENL

Results: One hundred two patients were included in this analysis, and their characteristics were as fol-
lows: median age, 65 years; maleffernale, 85[17; T1/T2/T3/T4, 16/11/61/14; NO/N1, 48/54; MO/M1, 84/
18. The median follow-up period for the surviving patients was 41 months. Sixty patients achieved com-
plete response (CR). After achieving CR, only one (1.0%; 95% Cl, 0~5.3%) patient experienced elective nodal
failure without any other site of recurrence.

Conclusion: In CRT for esophageal SCC, ENI is effective for preventing regional nodal failure. Further eval-

uation of whether ENI leads to an improved overall survival is needed.

© 2008 Elsevier Ireland Ltd. All rights reserved.

Surgery is the standard treatment for patients with resectable
esophageal cancer. Radiation therapy alone has been indicated
for unresectable or medically inoperable patients as a definitive
or palliative treatment [1-3].

In the 1980s, some prospective studies showed encouraging re-
sults for chemoradiotherapy (CRT) of esophageal cancer [4,5]. The
results of a phase Il randomized trial comparing CRT with radia-
tion alene (Radiation Therapy Oncology Group (RTOG) 85-01) have
made CRT a standard treatment for patients who chose non-surgi-
cal definitive treatment for esophageal cancer [6-8]. During the
last decade, most patients with newly diagnosed squamous cell
carcinoma (SCC) of the esophagus were treated with definitive
CRT in our institution.

Since the early 1980s, Japanese surgeons have practiced three-
field regional lymph nodes dissection for esophageal cancer
{9,10]. There are some reports indicating that prophylactic three-
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field lymph node dissection for esophageal cancer can lead to an
improved survival [11,12]. In accordance with the concept of
three-field lymph node dissection in curative surgery, ENI has been
adopted for definitive CRT at our institution, but the benefit of ENt
in CRT for thoracic esophageal cancer remains controversial
[13-17]. The purpose of this study is to retrospectively evaluate
the efficacy of ENI in CRT for thoracic esophageal cancer.

Methods and materials
Patient population

Patients newly diagnosed with SCC in the thoracic esophagus
and treated with definitive CRT between February 1999 and April
2001 at our institution was recruited from our database on the
basis of the following criteria: age <75 years, adequate organ func-
tion, no other site of carcinoma except for early stage, and ENI
treatment. Patients who could not complete the planned radiation

therapy were excluded from this analysis. Informed consent was
obtained from all patients.




Pretreatment evaluation

Pretreatment evaluation included barium swallowing, endos-
copy of the esophagus, and computed tomography (CT) of the neck,
chest and abdomen. Lymph nodes were defined as metastatic if
they were >1 cm in their greatest diameter on CT imaging.

Clinical staging was diagnosed according to the UICC TNM Clas-
sification of Malignant Tumors 6th edition,

Treatment details

Treatment consisted of two cycles of CDDP 40 mg/m? on days 1
and 8 and continuous infusion of 5FU 400 mg/m?/d on days 1-5
and 8-12, repeated every 5 weeks, with concurrent radiation ther-
apy of 60 Gy in 30 fractions over 8 weeks, including a 2-week
break. An additional two eycles of CDDP 80 mg/m? on day 1 and
continuous infusion of 5FU 800 mg/m?/d on days 1 to 5 every 4
weeks were administered for responders.

All patients underwent CT-based planning. Up to 40 Gy, radi-
ation therapy was delivered to the primary tumor, metastatic
lymph nodes, and regional nodes as ENI using anterior-posterior
opposed fields. Regardless of the subsite of primary tumor, the
lower cervical, periesophageal, mediastinal and perigastric, ex-
cept celiac, nodes were included as regional lymph nodes. For
the tumor of the upper thoracic esophagus, supraclavicular
nodes were also included and for lower esophagus, celiac nodes
were included. A baoster dose of 20 Gy was given to the primary
tumor and the metastatic [ymph nodes using bilateral oblique or
multiple fields. The clinical target volume for the primary tumor
was defined as the gross tumor volume plus 3cm craniocaudally.
The planning target volumes for primary tumors, metastatic
lymph nodes and regional nodes were determined with a 1-
1.5 cm margin to compensate for set-up variations and internal
organ motion. The treatment portal covered the planning target
volume plus 0.5c¢m margin to account for penumbra. Fig. 1

shows an example of a radiation feld. Lung heterogeneity cor-
rections were not used.

Follow-up evaluation

The following evaluations were performed until disease pro-
gression every 3 months for the first year and every 6 months
thereafter: physical examination, endoscopy of the esophagus, CT
scan of the neck, chest, and abdomen, Biopsy ef the primary tumor
site was routinely performed at each follow-up examination. After

disease progression was defined, clinical evaluations were per-
formed as required.
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Response assessment

Complete response (CR) for the primary tumor was defined by
endoscopy when all visible tumors, including ulcerations, disap-
peared with a negative biopsy.

Local control was defined as no detection of recurrent tumors in
the same site from the time of CR until the last follow-up,

€R for metastatic lymph nodes was defined as the complete dis-
appearance of all measurable and assessable disease for >4 weeks.
Uncertain CR was defined as the persistence of small nodes (<1 cm)
with ne evidence of progression at >3 months after the comple-
tion of treatment, and patients with uncertain CR were grouped
with those with CR for analysis,

Patterns of failure

Patterns of treatment failure were defined as the first site of
failure. Local failure included the primary tumor. Involved node
failure included the metastatic lymph nodes. Distant failure in-
cluded any site beyond the primary tumor and regjonal lymph
nodes, Elective nodal failure was defined as the recurrence of ini-
tially uninvolved tymph nodes within the ENI field.

Results
Patient characteristic

One hundred five patients received definitive CRT for esopha-
geal cancer during the period examined. One hundred two patients
matched the recruitment criteria, and three patients who could not
complete the 60 Gy radiation therapy were excluded from the
analysis. The reasons for stopping radiation therapy were (1) sever
esophagitis at 56 Gy, (2) sepsis at 52 Gy, (3) disease progression at
48 Gy. The toxicities of remaining 102 patients were mild esopha-
gitis and dermatitis. One hundred two patients characteristics are
listed in Table 1. The median age was 64 years old, ranging from

Table 1
Patient characteristics.
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Fig. 2. The initial response after CRT and the patterns of failure.

39 to 75 years. The tumor histology was SCC in all patients, The
subsites of the primary tumors were upper/middle/lower thoracic
portions, 14/50/38; T1/T2/T3/T4, 16/11/61/14; NO/N1, 48/54; Mo/
M1a/M1b, 84/5/13; Stage N/NIfIV, 14/29/41/18. The metastases
sites of 11 M1b patients were lower cervical, supraclavicular or ce-
liac lymph nodes.

The remaining two patients with tiny lung metastases were
treated with definitive CRT at the physicians’ discretion. After con-
current CRT, 69 patients who achieved CR or partial response re-
ceived one or more additional cycles of chemotherapy.

Response, survival and patterns of failure

The initial response after CRT and the patterns of failure are
shown in Fig. 2. The median follow-up durations for alt patients
and for surviving patients were 17 months (range 3-62 months)
and 41 months (range 9-62 months), respectively. Fig. 3 shows
overall survival data for all patients. Three-year overall survival
rates were 43%. Sixty of 102 patients achieved CR (59%; 95% confi-
dence interval [CI], 49% to 69%). After achieving CR, 40 patients
never experienced any failure with a median follow-up period of
40 months (range 3 to 60 months).

In the remaining 20 patients, the first sites of failure were local
(10 patients), distant (9 patients), and elective nodal failure (1 pa-
tient). The patient with elective nodal failure did not develop any
other site of recurrence and died of pneumonia due to nodal failure.

Discussion

After an intergroup randomized controlled trial (RTOG 85-01)
that compared definitive CRT with radiotherapy alone, the com-
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Fig. 3. The overall survivat data for alf patients.
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bined modality treatment became a standard therapy for patients
whe received non-surgical treatment for esophageal cancer. How-
ever, it was also reported that the persistence of loco-regional dis-
ease was the greatest cause of treatment failure, even in the CRT
group in this trial [6-8}. In an attempt to improve local control, a
dose escalation trial (Inter group study 0123) that compared the
standard CRT dose (50.4 Gy/28 Fx) with a high dose (64.8 Gy/
36 Fx) was conducted, but significant benefits of higher dose radi-
ation therapy were not demonstrated [18-21). As a result, the
standard radiation dose is still 50.4 Gy/28 Fx for patients who re-
ceive 5FU]cisplatin-based combined madality therapy.

Regarding the radiation field (target volume} of CRT for esoph-
ageal cancer, there is no global consensus for whether ENI should
be performed or not. In the RTOG 85-01 trial, radiation was deliv-
ered at 30 Gy from the supraclavicular fossae to the esophagoga-
stric junction as ENI, followed by cone down of 20 Gy to the
primary tumor with 5cm proximal and distal margins. On
the other hand, in the INT0123 trial, ENI was omitted to improve
the tolerance to treatment.

In our institution, ENI has been used because the results of most
surgical series in Japan indicate a survival benefit of prophylactic
three-field lymph node dissection for SCC in the thoracic esopha-
gus [11,12]. Prophylactic three-field fymph node dissection has re-
vealed occult regional lymph node metastasis, alsa known as
micrometastases, found only through histopathology. It is thought
that prophylactic three-field lymph node dissection improves the
survival rate by eliminating micrometastases and reducing the re-
gional lymph node recurrence rate.

In the current study, only one patient (1.0%; 95% Cl, 0-5.3%)
with elective nodal failure was identified without any failures of
the other sites. This result suggests that if the gross tumor is con-
trolled with CRT, ENI may prevent elective nodal failure. This pre-
ventive activity may occur through control of micromeastases.

However, it is not clear whether ENI improves overall survival.
The incidence of localfregional failure and the persistence of dis-
ease in the CRT arm of RTOG 85-01, which used ENI, was fower
than that in the standard dose arm of INT0123, which omitted
ENI (46% vs. 55%), but the median survival times and the 2-year
overall survival rates were similar in both groups (14.1 menths,
36% vs. 18.1 months, 40%). On the other hand, there are concerns
about the adverse effects of ENI. We previously reported long-term
toxicity after definitive CRT for theracic esophageal SCC [13]. Of 78
patients whe achieved CR after CRT with the same regimen used in
this study, 16 suffered from late cardiopulmonary toxicities and 8
were considered to die from toxicities refated to CRT. Therefore,
although ENE can reduce local/regional failures, substantial late
toxicities may mitigate its survival benefits.

To minimize long-term toxicity witheut compromising the effi-
cacy of CRT, we modified our radiation therapy technique for tho-
racic esophageal cancer in 2004. We adopted the same treatment
regimen as the INT0123 trial by reducing the total dose from 60
to 50.4 Gy. The irradiation technique was also changed from con-
ventional opposed fields to the multiple-field technique to avoid
excessive dosing to the surrounding normal tissues. To maintain
efficacy, we continued using ENf of41.4 Gy in 23 fractions followed
by 9 Gy in 5 fractions to the primary tumor and metastatic lymph
nodes because our preliminary results suggested that ENI could
control regional lymph node failure. We expect that the averall
survival rate could be improved by reducing long-term toxicity.
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Malignancies of the nasal cavity and paranasal
sinuses are rare neoplasms that account for only 3% of
head and neck carcinomas and approximately 0.5% of
all malignant diseases." However, it is more frequently
observed in Japan, with 7% of all cancers arising in the
upper aerodigestive tract.”

Because of the anatomic limitations in making an
carly diagnosis and the absence of symptoms in early
stage disease, a large population of these lesions are
advanced at the time of initial presentation. Most
advanced cases require radical surgery followed by post-
operative radiation. Frequently, this amounts to a total
maxillectomy or a craniofacial resection with or without
a complete obliteration of the contents of the orbit.
These surgeries result in significant disfigurement and
impairment of function, Despite such radical therapy,
the oncologic outcomes of survival and disease control
are not satisfactory.

For these reasons, many patients refuse surgery,
instead opting for less conventional treatments with lower

cure rates in an effort to spare themselves potential surgi- -

cal morbidity. Because radiotherapy alone is considered
ineffectual for advanced, unresectable head and neck can-
cers,>* there has been great interest in combined radio-
therapy and chemotherapy. Prospective randomized trials
have demonstrated improved survival rates in patients
teated with chemoradiotherapy (CRT) compared with
radiotherapy alone for unresectable squamous celf carci-
noma (SCC) of the head and neck.>”

It has also been shown that concurrent radiotherapy
and targeted chembtherapy with cisplatin (hereafter
referred to as RADPLAT) is a promising treatment,®”
achieving a 90% complete response rate in patients with
advanced head and neck cancer.'® The treatment program
incorporates a novel technique for infusing cisplatin
directly into the tumor bed, while minimizing the effects
of the drug systemically.

Although trials using RADPLAT in patients with
cancer of the nasal cavity and paranasal sinuses have been
performed at several institutions recently, RADPLAT has
mainly been used as a preoperative treatment, ' with to
our knowledge only a few studies testing it as a definitive
treatment.”? Herein, we used RADPLAT for the defini-
tive treatment of patients with cancer of the nasal cavity
and paranasal sinus, and analyzed and discussed the
outcomes.

4706

MATERIALS AND METHODS

Eligibility Criteria
Eligible patients were aged <75 years and had to have a
World Health Organization performance status of 0 to 2,
adequate bone marrow reserve, and adequate liver and
renal function. Written informed consent was obtained
from all patients before entry into the study: Patients who
were pregnant or breastfeeding were excluded from the
study. Patients also were required to have histologic proof
of carcinoma of the nasal cavity or the paranasal sinuses
classified as T3 to T4 disease. All patients were initially
evaluated by a multidisciplinary team comprised of head
and neck surgeons and radiation oncologists; and tumors
were classified according to the 2002 International Union
Against Cancer staging system. The stage of the wmor
was determined on the basis of patient history, physical
examination, and chest x-rays, as well as computed to-
mography (CT), magnetic resonance imaging (MRI), or
both. Patients either had disease for which radical surgery
was contraindicated or had rejected radical surgery.
Patients with a pathologic diagnosis of SCC, undif-
ferentiated carcinoma, and adenoid cystic carcinoma were
eligible for the study, but not if they had distant metasta-

ses (M1} or had received prior treatment of any kind for
their cancer,

Chemotherapy

All patients received concurrent intra-arterial (IA) cispla-
tin and intravenous sodium thiosulfate infusions in the
following manner: cisplatin (at a dose of 100-120 mg/m*
per week for 4 weeks) was infused through a microcatheter
that was placed angiographically to selectively encompass
only the dominant blood supply of the targeted tumor.
Tumors of the nasal cavity or paranasal sinuses are usually
covered by the internal maxillary artery, but in cases in
which the facial artery, transverse facial artery, or ascend-
ing pharyngeal artery covered the tumor, part of the dose
was administered through these alternative arteries.

First, the catheter was positioned in the region of
expected blood supply. Contrast agent was then injected as
rapidly as possible until it refluxed slightly into the more
proximal vessels during peak systole. Next, selective IA CT
arteriography (IA-CTA) was performed to correctly and
carefully identify the feeding arteries and their perfusion,

Cancer  october 15, 2009
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FIGURE 1. (A) Findings from a 57-year-old man with a right maxillary sinus cancer that was classified as T4bN2bMO are shown.
(B) A lateral subtraction angiogram of right external carotid artery is shown. The internal maxillary artery (indicated by 1), acces-
sory meningeal artery (indicated by 2), and middle meningeat artery (indicated by 3) are shown. (C} Intra-arterial computed to-
mographic arteriography (IA-CTA) was performed after a microcatheter was placed just beyond the middle meningial artery
(arrow in Fig. 1B). The 1A-CTA demonstrated a tumor with enhancement in the anterior but not posterior portion. (D) The cathe-
ter was then placed just in front of the middle meningial artery (arrowhead in Fig. 1B). IA-CTA indicated that the majority of the
tumor was enhanced at this time. The posterior portion of the tumor was considered to be covered by the accessory meningial

artery.

and cisplatin was infused at the determined rate (Figs. 1
and 2). Simultaneously, sodium thiosulfate (at a dose of
20-24 g) was given intravenously, as described by Robbins
et al, to neutralize the cisplatin.'® All arterial catheteriza-
tions were accomplished transcutaneously through the
femoral artery, and the catheters were removed immedi-
ately after infusion. So that patients excreted the cisplatin
rapidly, 8 L of lactated Ringer solution were given over a
24-hour period. A SHT3-receptor antagonist was given to
all patients before arterial infusion to minimize nausea and

Cancer  October 15, 2009

vomiting. Chemotherapy was completed during the first 4
weeks, provided that patients responded well in the early
treatment period and had received 3 arterial infusions.

Radiotherapy

All patients received external radiotherapy using a
4-megavolt (MV) or 6-MV x-ray linear accelerator. The
irradiation treatment volume included the entire max-
illa, ethmoid sinus, ipsilateral nasal cavity, and
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pterygopalatine fossa. For patients with tumor exten-
sions to the orbit, this area was also treated, but efforts
were made to spare the facrimal gland. The irradiation
schedule was 65 grays (Gy} in 26 fractions over 6.5
weeks by May 2006. Since then, it has changed to
70 Gy in 35 fractions over 7 weeks for all patients with
advanced head and neck cancer. The treatment volume
was reduced to 40 Gy for patients in which there was a
low possibility of tumor extension to adjacent structires
such as the ethmoid sinus or orbit.

A modified 45-wedged pair technique was used, in
which the lateral beams were tilted approximately
10 degrees anteriorly with a hope of reducing the risk of
temporal lobe necrosis. Multileaf collimators were also
used for this purpose and to reduce the dose to other
critical structures, such as the optic chiasm and contralat-
eral eye. For patients with lymph node metastases, the
ipsilateral neck was irradiated (40 Gy) using an anteropos-
terior field and a 25 to 30 Gy hoost was given to the posi-
tive lymph nodes. A thermoplastic mask was used for
tmmobilization for all patients. CT dnd MRY scans were
taken in the same position using the mask so that accurate
diagnosis of the extent of the tumor could be made. The
treatment was planned with a2 CT simulator and a 3=
dimensional dose calculation computer. The dose to the
spinal cord was kept below 40 Gy in all instances.

Management of the Neck

Patients with regional lymph node metastasis of the neck
were treated with 65 to 70 Gy of radiotherapy and chemo-
therapy. If lymph node metastases remained or recurred,
patients with resectable neck disease were referred for
cervical lymph node dissection. '

Evaluation of Response and Toxicity

Responses were evaluated by clinical examination and/or
CT or MRI studies 6 to 8 weeks after the completion of
therapy. Standard criteria were used to assess the patient
response. A complete response was defined as total resolu-
tion of the macroscopically visible tumor, and a partial
response was defined as a >50% reduction in the
macroscopically visible tumor. Because it is difficult to
differentiate between radiographic changes related to the
treatment and scar tissue from persisting  tumors, we
labeled patient outcomes to reflect this uncertainty. Over

Cancer  october 15, 2009

Table 1. Patient Characteristics (n=47)

Characteristics No. of Patients
Age, ¥ ,

Range 25-73

Median 56

Mean : 56.3
Sex E

Male g : 36 (76.6%)

Female

11 (23.4%)
Primary tumor site

Maxillary sinus 36 (76.6%)

Ethmoid sinus 8 (17.0%)

Nasal cavity 3 (6.4%)
Histology

Squamous celf 36 (76.6%)

Undifferentiated 9 (19.1%)

Adenoid cystic 2 (4.3%)

time, scar tissue remains stable, but persistent tumor tissue
will progress, so a patient with radiologic changes that
remained stable and with no signs or symptoms of disease
was considered to be free of disease progression. A biopsy
was performed only to document disease recurrence, if
indicated. All toxicities encountered during therapy were
evaluated according to the Common Terminology Crite-
ria for Adverse Events (version 3.0).

Statistical Analysis

The major endpoint of the study was overall survival.
Additional endpoints included local control rate (local.
progression-free rate} and toxicity. All patients were
closely observed during the follow-up period, the median
of which was 4.6 years (range, 2.1-9.2 years).

Cases of persistent or recurrent primaty or neck dis-
ease after the completion of RADPLAT were considered
to be local or regional failures, regardless of whether sal-
vage therapy was successful. Probabilities of overall sur-
vival, which included death from any cause, and local
control rates (local progression-free rates computed from
the beginning of treatment to the time of focal disease re-
currence) were calculated by the Kaplan-Meier method.

RESULTS

Patient Characteristics

A total of 47 patients were entered in this study from
October 1999 to December 2006 and were treated by
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Table 2. T and N Classification (n = 47)

No. of Patients by N
Classification

T Classification o 1 2a 2b 2c Total
3 6 1 7

4a 22 0 22

4b 13 1 2 2 18
Total 41 2 2 2 47

RADPLAT at Hokkaido University Hospital (Sapporo,
Japan). There were 36 men and 11 women, with a me-
dian age of 56 years (range, 25-73 years). Detailed
patient characteristics are listed in Table 1. Of the 47
patients, 36 (76.6%) had tumors arising in the maxillary
sinus, 8 (17%) in the ethmoid sinus, and 3 (6.4%) in the
nasal cavity. There were 36 patients (76.6%) who had
SCCs, 9 (19.1%) undifferentiated carcinomas, and the
remaining 2 (4.3%) had adenoid cystic carcinomas.

T and N classifications are shown in Table 2. There
were 7 patients (14.9%) diagnosed with T3 disease, 22
(46.8%) with T4a disease, and 18 (38.3%) with T4b dis-
case. Lymph node involvement was present in 6 patients
(12.8%). Two patients with large tumors received induc-
tion chemotherapy before radiotherapy to avoid exposing
the eyeball and/or optic nerve of the unaffected side to
radiation. The protocol of induction chemotherapy was a
combination of cisplatin, S-fluorouracil, and docetaxel.
One patient received 1 course and the other received 2
courses of treatment. Intensity-modulated radiotherapy
was used for 1 patient to avoid exposing the eyeball and
the optic nerve of the unaffected side to radiation.

Compliance

RADPLAT was feasible (3 ot 4 infusions of IA cisplatin
and a full dose of radiotherapy within 7 days of treatment
interruptions) in 45 patients (95.7%). One patient
received only 1 cycle of IA chemotherapy and had his
radiotherapy interrupted for 30 days because of sepsis and
poor general condition. Another patient experienced
severe drug eruption after each IA chemotherapy, and
therfore RADPLAT was withdrawn after 2 courses of [A
chemotherapy and 50 Gy of radiotherapy. The patient
then underwent a total maxillectomy.

4710

Table 3. Acute Toxicity (n = 47)*

No. of Patients by Toxicity

Grade
Toxicity 1 2 3 4
Allergic reaction 1
Hearing 10 4
Anemia 15 20
Leukopenia 3 18 12
Thrombocytopenia 7 6 2 1
Arrhythmia 1
Fever 13 6 5
Alopecia 7 13
Dermatitis 7 17 2
Nausea/vomiting 1 14 2
Mucositis 4 19 9
Diarrhea 1
Liver dysfunction 10 3
Neuropathy 1 1
Renal 1 2

* Al toxicities encountered during therapy were evaluated according {o the
Common Terminology Criteria for Adverse Events {version 3.0).

Toxicity

Although the treatment regimen was intensive, acute toxic-
ity was manageable in most patients (Table 3) and none
died as a result of treatment toxicity, Thirty-five patients
(74.5%) experienced grade 3 to 4 toxicity. Nonhemato-
logic side effects included mucositis {n=19), nausea/vomit-
ing (n=4), and neurologic signs (n=2). No patient had a
cercbrovascular accident. Hematologic toxicity consisted of
leukopenia (n= 14), anemia (n=4), and thrombocytope-
nia (n=2). Arterial infusion had to be stopped after only 1
infusion in 1 patient who developed sepsis because of toxic-
ity. No surviving patients required feeding tube support.

Osteonecrosis, brain necrosis, and ocular/visual
problems occurred as late adverse reactions. A total of 7
patients experienced osteonecrosis, including 5 cases of
the maxilla, 1 of the mandible, and I of the frontal bone.
Patients with grade 3 mandible necrosis required recon-
struction of the mandible with frec flap transfer. The
remaining 6 patients developed grade 2 osteonecrosis,
which was manageable with minor sequestrectomy. Two
patients developed brain necrosis. Of these, 1 developed
seizures that were well controlled by an anticonvulsant
drug. The other suffered mild dementia.

Severe ocularfvisual problems (grade 3 of 4)
occurred in 16 of the 38 patients who were followed over
2 years. One of these required enucleation of a painful
eye ball. Severe ocular/visual problems occurred in 14
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FIGURE 3. Local progression-free survival rate according to T
classification is shown in 47 patients with cancer of the nasal
cavity and paranasal sinuses.
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FIGURE 4. Overall survival according to T classification is
shown in 47 patients with cancer of the nasal cavity and par-
anasal sinuses.

(56%) of 25 patients with tumors invading the orbit
and/or invading the inferior wall of the orbit. These
patients were considered for orbital exenteration if the
need for radical surgery was indicated. Conversely, severe
ocular/visual problems occurred in 2 (15.4%) of 13
patients without tumors invading the orbit and/or invad-
ing the inferior wall of the orbit.

Local Control and Overall Survival

The patient who experienced a severe drug eruption and
underwent a total maxillectomy was treated as a local fail-
ure. The 5-year local progression-free survival rate was
78.4% for all patients (n=47), 69.0% for patients with
T4b disease (n=18), and 83.2% for patients with < T4b
disease (n=29) (Fig. 3). The S-year overall survival rate
was 69.3 for all patients, 61.1% for patients with T4b dis-
ease, and 71.1% for patients with < T4b disease (Fig. 4).

Response of the Primary Disease

Of the 47 patients entered into the treatment program, com-
plete responses in the primary site were obtined in 13
(27.7%) patients and partial responses in 31 (66.0%) patients.
However, the primary disease was well controlled by RAD-
PLAT in 39 patients (83.0%) at the time of last follow-up.
The remaining 8 patients (17.0%}) had persistent or recurrent
primary disease after the completion of RADPLAT. Viable tu-
mor cells were observed in a surgical specimen from the patient
who underwent a total maxillectomy. Since then, the patient
has had no further evidence of disease. He was included in the
category of primary disease not controlled by RADPLAT.
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Response of Neck Disease

Among the 6 patients with positive neck disease, 4 were
well controlled by RADPLAT without surgery. One
patient underwent a cervical lymph node dissection 4
months after treatment for a suspicious residual lymph
node. Another patient had a lymph node that recurred 10
months after therapy, and therefore underwent a cervical
lymph node dissection 11 months after the treatment. As
a result, viable tumors were observed in the surgical speci-
mens of both patients. Six patients classified as having NO
disease before therapy developed neck metastases after
RADPLAT; of these, 4 were treated successfully by salvage
neck dissection.

In 1 patient, neck disease and distant metastasis
developed at the same time, whereas in another patient,
the site of the primary tumor recurrence was found at the
same time as neck disease. Neither patient was able to
undergo a cervical lymph node dissection and therefore
both were treated with systemic chemotherapy.

Pattern of Recurrence

Thesite of first disease recurrence was identified whenever
possible. Recurrence first occurred at the primary tumor
site in 8 patients. Of these, 3 underwent salvage surgery,
but only 1 patient was successfully salvaged. Neck disease
and distant metastasis were found at the same time in 2
patients, and distant metastasis was found in 3 patients
without a ptimary or neck recurrence. Two patients died
of other causes without evidence of disease.
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DISCUSSION

Historically, sinonasal malignancies have been treated
with primary radiotherapy. However, trearment with
radiotherapy alone has produced disappointing results in
the case of patients with primary advanced tumors. 16 [
addition, high doses of radiation pose a significant risk for
injury to optic structures, such as the retina, optic nerves,
and chiasm."” Combined radical surgery and radiotherapy
constitutes the standard treatment for patients with cancer
of the nasal cavity and paranasal sinus as well as most epi-
thelial malignancies."®'” However, the overall treatment
of sinonasal malignancies has resulted in 5-year survival
rates in the range of 30% to 50%, despite refinements in
imaging studies such as CT scans and MR, surgical tech-
niques, and radiotherapy.'”** Moreover, survival is fur-
ther reduced for patients with T4 tumors.

Functional and cosmetic outcomes after surgical
treatment for advanced tumors, especially those classified
as T4, are also far from satisfactory from the standpoint of
patients. Therefore, some patients refuse surgical treat-
ment, whereas others have unresectable disease. For these
patients, radiotherapy is suggested, but is not expected to
eliminate the tumor.?*

Recently, prospective randomized trials have dem- -

onstrated improved survival rates in patients treated with
CRT versus radiotherapy alone for unresectable SCC of
the head and neck.’” Harrison et al*® also reported local
progression-free survival rate of 94% among 20 patients
with unresectable malignant tumors of the skull base who
were treated with aggressive CRT, among whom were 15
patients with SCC. These findings indicate that CRT is
the only viable option, and can be very effective in such
cases of brain invasion by SCC.

Rosen et al achieved a long-term disease-free interval
in 11 of 12 patients with paranasal sinus cancer (92% sur-
vival after a median follow-up of 55 months; range, 13-105
months) using multimodality therapy comprised of 5-fluo-
rouracil<isplatin-based neoadjuvant chemotherapy fol-
lowed by standard surgical resection and radiotherapy with
or without concomitant hydroxyurea and S-fluorouracil.?®
These data represent encouraging numbers from a small se-
ties and suggest that chemotherapy has a role in the treat-
ment of patients with paranasal sinus cancer.

Robbins, a pioneer of superselective arterial infusion
of cisplatin, reported 5-year overall survival and locore-
gional control rates of 38.8% and 74.3%, respectively, in

4712

213 patients with stage III to IV SCC of the head and
neck.® 1A delivery of chemotherapy has the potential to
increase drug concentrations at tumor sites, whereas the
IA infusion of cisplatin together with sodium thiosulfate
enables the lowering of systemic toxicity. Paranasal sinus
carcinomas tend to be encompassed mostly within the ter-
ritory of terminal branches of the internal maxillary artery,
which can be catheterized consistently and repeatedly;
therefore, patients with such malignancies are good candi-
dates for RADPLAT treatment,

A phase 2 protocol designed by the University of
Tennessee Health Sciences Center in Memphis in 1993
takes advantage of the benefits of multimodality ther-
apy.'! Patients receive up to 4 weekly infusions of high-
dose cisplatin by ‘means of superselective transfemoral
catheterization of the internal maxillary artery. Concur-
rently, they also receive S0 Gy of external-beam radiother-
apy over 5 weeks. Definite surgical resection is performed
6 to 8 weeks after the completion of CRT. Results from
the first 19 patients were recently reported within a me-
dian follow-up of 53 months. Of these, 16 patients (84%)
had T4 disease. Surgery was conservative, with a high rate
of preservation of orbital contents, visual function, mid-
face structures, and palate, as well as a lack of any facial
incisions, resulting in an improved overall cosmetic and
functional outcome. The overall survival rates at 2 and 5
years were 67% and 51%, respectively. In the 13 patients
in whom the disease was controlled after surgery, only 2
(15%) developed local failure. They reported no visual
loss except for cataracts in 2 patients. However, 50 Gy of
radiation is not enough to eradicate advanced cancer, even
if surgery is combined. Conversely, delivering a high cura-
tive dose of radiation has been considered to result in
damage to the optic nerve, chiasm, or brain.”” We are
concerned that reducing the radiation dose results in poor
local control, because to our knowledge wide resection
and postoperative radiotherapy have not previously been
reported to achieve satisfactory survival rates, 1923

In our institution, RADPLAT is the definitive treat-
ment of choice for patients with advanced nasal cavity and
nasal paranasal sinus cancer to achieve improved survival
rates and to avoid major surgery. We consider that
patients with tumors invading orbital fat, orbital muscula-
ture, or involvement of the orbital apex usually require or-
bital content extirpation if surgery is indicated
Therefore, we believe that eye-related complications may
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occur in such patients, although efforts should be made to
spare vision and to avoid complications using treatments
such as intensity-modulated radiotherapy and heavy parti-
cle radiotherapy. Although some complications occurred
in the current study, careful planning of radiation and IA
infusion limited these to an acceptable level.

Although IA chemotherapy is sometimes regarded as
dangerous because of the risk of catheter-related problems,
cerebrovascular accidents, and severe systemic complica-

UOHS,"B 29

no treatment-related deaths were encountered in
the current study and no cerebrovascular accidents occurred;
indeed only 1 case of greater than 200 has occurred in our
institution to date, with a full recovery reported. We con-
sider this to be the result of careful patient selection, superse-
lective catheterization, and the management of side effects
and toxicities during RADPLAT therapy. Thus, the find-
ings of the current study were of a better outcome than pre-
vious reports from many centers, and excellent cosmetic
outcomes were achieved because surgery was not performed.
Because patient numbers were small and this was a single-
institution experience, a multi-institutional trial is needed to
prove that this strategy is feasible and effective.

In conclusion, superselective high-dose cisplatin infu-
sion with concomitant radiotherapy can result in organ
preservation and cure in the majority of patients with
advanced cancer of the nasal cavity and paranasal sinuses.
Toxicity was manageable in the current study, and no
patient died as a result of treatment toxicity, However, late
adverse reactions such as osteonecrosis, brain necrosis, and
ocularfvisual problems should be monitored in fature trials.
Nonetheless, these results do suggest that significant pro-
gress has been made in the management of these diseases.
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Purpose: We evaluated the relationship between the mean lung dose (MLD) and the incidence of radia-~
tion pneumonitis (RP) after stereotactic body radiation therapy (SBRT), and compared this with conven-
tional fractionated radiation therapy (CFRT). '

Materials and methods: For both SBRT (= 128) and CFRT (n = 142) patients, RP grade >2 was scored. Tox-
icity models predicting the probability of RP as a function of the MLD were fitted using maximum log
likelihood analysis. The MLD was NTD (Normalized Total Dose) corrected using an aff ratio of 3 Gy.
Results: SBRT patients were treated with 6-12 Gy per fraction with a median MLD of 6.4 Gy (range: 1.5~
26.5 Gy). CFRT patients were treated with 2 Gy or 2.25 Gy per fraction, the median MLD was 13.2 Gy
(range: 3.0-23.0 Gy). The crude incidence rates of RP were 10.9% and 17.6% for the SBRT and CFRT
patients, respectively. A significant dose-response relationship for RP was found after SBRT, which was
not significantly different from the dose-response relationship for CFRT (p=0.18).

Conclusion: We derived a significant dose-response relationship between the risk of RP and the MLD for
SBRT from the clinicat data. This relation was not significantly different from the dose-response relation
for CFRT, although statistical analysis was hampered by the low number of patients in the high dose
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Hypofractionated radiation therapy
Radiation pneumonitis

Stereotactic body radiation therapy
Dose-respanse analysis

range.
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Stereotactic body radiation therapy (SBRT) for pulmonary le-
sions is becoming more widely used following the first clinical
experiences described by Blomgren et al. in 1995 [1]. Collaboration
of Japanese radiation departments resulted in the publication of
encouraging outcomes among stage I lung cancer patients after
SBRT {2,3]. In addition, SBRT proved to be an effective treatment
for metastases in lung and liver with high tumour control rates
being achieved [4,5]. With respect to healthy tissue injury, Timm-
erman et al. [6] observed a significantly higher toxicity for centrally
located tumours compared to peripherally located tumours using
similar irradiation schedules. In an analysis of Lagerwaard et al.
{7]. lowering the fraction dose for centrally located tumours
resulted in similar toxicity for central and peripheral tumours. A
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recent review of Brock et al. {8] evaluating SBRT studies showed

limited toxicity, whereas a large heterogeneity of treatment tech-
niques, dose parameters and clinical endpoints is observed be-
tween these studies. To extend the applicability of SBRT,
knowledge of the dose-toxicity relationship is necessary. However,
dose—response evaluations are hampered by the restricted dose
range and (consequently) the {ow number of toxicity events fol-
lowing SBRT. Moreover, the influence of larger fraction dose, short-
er overall treatment time and differences in dose distribution on
the existing radiobiological models is rather unknown. In addition,
patients receiving pulmonary SBRT are a select group of patients
with a high comorbidity.

Radiation pneumonitis (RP) is a serious complication which was
fatal after SBRT in three of the 25 patients in a recent study of
Yamashita et al. [9] after 48 Gy in four fractions. The incidence of
RP requiring clinical intervention ranges from 0% to 29% after SBRT
(8-14]. Unfortunately, no predictive model to assess the probabil-
ity of RP is available for SBRT.

The goal of our study was to evaluate the relation between the
radiation dose and the occurrence of RP after SBRT. In addition,
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since the relation between lung dose and radiation pneumonitis
(RP) is extensively evaluated for CFRT (e.g. [15]), we compared
the dose relationship of SBRT and CFRT patients.

Materials & methods
Patients

SBRT patients were irradiated with hypofractionated schedules
at the Department of Radiation Medicine of the Hokkaido Univer-
sity School of Medicine, Sapporo, Japan. Clinical data and treatment
plans were retrievable for 128 patients treated between April 1998
and December 2005. Folfow-up was performed at the outpatient
clinic of the Department of Radiation Medicine. Irradiation regi-
mens were 35 Gy in four fractions, 40 Gy in four fractions, 48 Gy
in eight fractions, 60 Gy in eight fractions and 48 Gy in four frac-
tions. A subgroup of these patients with a schedule of 40 and
48 Gy in four fractions (n=41) was previously described in a tu-
mour dose-~response study {16]. The approach to define appropri-
ate doses and margins for the SBRT patients can be described as a
continuous reassessment approach which was dependent on tu-
mour control and toxicity. This has been accurately described pre-
viously [16]. Patients with a schedule of 35 Gy in four fractions, 48
and 60 Gy in eight fractions (irradiated before 2000) and patients
treated for multiple targets were treated in a similar manner.

Ninety-five SBRT patients were irradiated on one single target.
The treatment schedule, diagnosis of RP and the MLD of these pa-
tients are listed out in Table 1. Thirty-three patients received irra-
diations on multiple targets. For 20 patients, the initial radiation
treatment: consisted of multiple targets that were successively
treated (Table 2), For 13 patients, a new treatment plan was made
sometime after the initial treatment because of additional pulmon-
ary lesions (Table 3). No time-related recovery of lung tissue was
taken inte account for these 13 patients. These 33 patients received
an individually adapted (i.e. restricted) dose schedule. For all plans.
(and summed plans in case of re-irradiations), a maximum dose of
46 and 60 Gy (recalculated into 2 Gy per fraction with an ofB ratio
of 2 Gy) for the spinal cord and oesophagus, respectively, was al-
lowed. A total dose of 60 Gy/Sfr or equivalent dose calculated using
LQ model with an «/g ratio = 2 Gy was allowed as maximum dose
in the lung.

Patients with a conventional dose per fraction (CFRT) schedule
were treated at the Department of Radiation Oncology of the Neth-
erlands Cancer Institute '~ Antoni van Leeuwenhoek Hospital
(NKI-AVL), Amsterdan, The Netherlands. We updated our previous
analysis (with 106 patients) by Seppenwaolde [17] to a totaf of 142
patients. Our update included 86 patients of the dose escalation
(DE) study of Belderbos et al. [17]) (with 88 patients). For two pa-
tients inctuded in this study, dose data were lost. Of the 58 non-DE
patients included in the Seppenwoolde study, we excluded two pa-
tients, whose treatment was interrupted and not finished. There-
fore, we were able to include 86 patients of the DE study
(who were irradiated to a dose of 60.8 and 945 Gy with 2.25 Gy
per fraction), and 56 patients who were irradiated with a dose of
70 Gy in 2 Gy per fraction.

Table 1

The total dose, fraction dose, median tumour volume, median MLD, and the incidence of RP for each treatment schedule of the SBRT patients.

5%

For both SBRT and CFRT patients, three dimensional (3-D) treat-
ment plans were made. To correct for the effect of dose per frac-
tion, the local dose was converted to the 2 Gy equivalent
Normalized Total Dose (NTD) [18] using the linear quadratic (LQ)
model [19] with an a/g ratio of 3 Gy. The «f B ratio of 3 Gy was used
because in coventional schemes this commonly used [20] and de-
tailed analysis revealed that for SBRT this was the best value to cor-
rect for the dose per fraction evaluating RP (data not shown). For
the 33 SBRT patients irradiated on multiple lesions, individual
plans were summed after NTD corrections and image registration
had been performed. From the 3-D dose data, the MLD was calcu-
lated as the average corrected dose over the totat lung volume
{based on CT) excluding the gross tumour volume.

For the SBRT plans, a convolution superposition algorithm for
tissue density heterogeneity was used. For the CFRT patients, the
inhomogeneity correction was performed using the equivalent-
path fength (EPL) inhomogeneity correction. The MLDgpy, was con-
verted to the MLD according to convolution superposition algo-
rithm using the conversion factor determined by De Jaeger et al.
(MLD = 0.64(MLDgp)"'%) [21].

The dose-response relationship in the lungs between RP and
MLD was modelled by a sigmoid-shaped relation according to Ly-
man [22] using the TDs, representing the dose for a 50% complica-
tion probability. The slope of the dose-response relationship is
proportional to the reciprocal value of m-TDsg. Using this modet
and parameter values, the normal tissue complication probability
(NTCP) (i.e. RP) can be calculated from the MLD [23].

S 1 £ -i,;?_ . - MLD-—TDSQ
NTCP \/71?/; edx with ¢ - TDs,

Radiation pneumonitis (RP) was prospectively scored for both
SBRT and CFRT patients and was classified according to the NCI-
CTC (€TC 2.0} or SWOG criteria. Grade 2 RP was scored for both
SBRT and CFRT after steroids had been prescribed for RP symp-
toms. Grade 3 RP was scored after oxygen was required, and grade
4 was scored for assisted ventifation. Grade 5 was scored after
death due to RP.

None of the included SBRT patients who were scored with RP
grade 2 used steroids for other pulmonary morbidities than for
RP before or after the irradiation; For the CERT patients, informa-~
tion on pre-treatment use of steroids was not available. For all pa-
tients, the diagnosis and grade of RP were determined by the
radiation oncologist and by a pulmonologist experienced in the
diagnosis of RP.

Statistics

By maximizing the logarithm of the likelihood function of a
dataset containing N patients

N N
In(L) = In (‘_3 L,-) - ; In(L;)
= 3 lepiIn(R) + (1 - ep In(1 -y},

i=1
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Table 2

Treatment schedul ber of irradiated targets, di

Table 3
Treatment schedule, time between subsequen

where P; (=1, ..., N} represents the NTCP of a patient i, and ep;is
the binary outcome (0= no RP, 1= RP}, the parameters TDso and 1t
of the NTCP model were estimated. Ninety-five percent confidence
intervals around m and TDso were calculated using a profile likeli-
hood approach {22}, For each parameter, the confidence interval in-
cludes a certain value if twice the difference of the log likelihood
evaluated at the maximum tikelihood estimate and at the value of
interest does not exceed the quantile of a chi-square (x?) distribu-
tion with one degree of freedom [24]. To determine the confidence
interval of the NTCP curve, a similar approach was performed, how-
ever, this test was performed with two degrees of freedom,

To test the difference between the fitted NTCP model of SBRT
and CFRT, the data of both models were paoled. The NTCP madel
based on the pooled data (i.e. one TDsp and one m) was compared
to the NTCP model, whereby the dataset-specific optimized param-
eters of SBRT and CFRT were included in a two degree of freedom
likelihood ratio test [22], ‘

We also compared the empirical incidence of RP across datasets
for several non-overlapping dose intervals using Fisher's exact test.

The Hosmer-Lemeshow goadness-of-fit test {25] was used to
estimate the goodness of the fit of the fitted NTCP model. Patients
were divided into 10 equal bins in increasing order of the esti-
mated NTCP. The x? test statistic was cafculated by

» & (0,- N, NTCP)?
L = z :_“"’"'“—*“““ oo
£ N; - NTCP, - (1 — NTCPy)

gnosis of RP, and the MLD of SBRT patients with multiple targets incorporated in one single treatment plan.
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where N; is the total number of patients in the ith group, 0; is the
total number of events in the ith group, and NTCP, is the mean cal-
culfated NTCP in the ith group. The test statistic is compared to a ¥2
distribution with eight degrees of freedom (by definition of the Hos-~
mer-Lemeshow goodness-of-fit test). The null hypothesis is that
there is no difference between the observed and expected values
of RP. (i.e. large values of x? (and small p values) indicate a lack
of fit by the model):

A two-tailed p<0.05 was considered to be statistically
significant.

Results

_Radiation pneumonitis

Median follow-up was 16.1 months for the SBRT patients and
was 13.0 months for the CFRT patients. All 39 events occurred
within 6.2 months following treatment for both SBRT and CFRT
within a similar time frame. Within this period, four SBRT patients
and 18 CFRT patients were censored (Fig. 1).

For SBRT, the crude incidence of RP grade 2 or higher was 10.9%
(14 events in the group of 128 patients). Only one SBRT patient was
diagriosed with grade 3 RP. Three SBRT patients included in the
analysis, received oxygen within the first year after irradiation,
and were not scored as having RP because of the uncertainty of
diagnosis (one patient had cardiac problems, one patient had a
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Fig. 1. The incidence of RP as a function of the follow-up (months). Vertical axis:
one minus the cumulative RP-free survival. Censored patients are indicated by
crosses. The follow-up is given in months on the horizontal axis.

medical history of receiving oxygen before treatment and one pa-
tient had fibrosis and tumour progression).

For CFRT, the crude incidence of RP was 17.6% (25 events in the
group of 142 patients), Four CFRT patients experienced a grade 3
RP, and one patient died due to pulmonary toxicity (grade 5 RP).

Tumour volume and mean lung dose

The median MLD for SBRT was 6.4 Gy ( range: 1.5-26.5 Gy). The
median tumour volume of the SBRT patients was 9.6 cm? (range:
0.2-106.9 cm3). For CFRT patients, the median MLD was 132Gy
(range: 3.0-23.0Cy) and the median tumour volume was
61.2 cm? (range: 3.8-789.9 cm®).

Normal tissue complication probability

SBRT

For SBRT, the observed incidence of RP as a function of the MLD
is plotted in Fig. 2a. The error bars represent the 68% confidence
interval (CI) of the observed incidence in 4 Gy dose bins. The ob-
served number of RP and the total number of patients within each
dose bin are indicated. The solid line represents the best fit of the
NTCP model based on the MLD, The best parameter values of the
NTCP moadel were TDso=19.6Gy (95% Cl: 16.0-30.0 Gy} and
m=0.43 (95% Cl: 0.33-0.59). The dashed lines represent the 68%
Cl of the fitted curve.

CFRT

For CFRT, the observed incidence of RP as a function of the MLD
is plotted in Fig. 2b. The optimal fit of the NTCP model using MLD
resulted in a TDsg of 28.6 Gy (95% €L 21.5-125.0 Gy)and inan m
value of 0.56 (95% Ck: 0.39-0.99). '

SBRT versus CFRT

Both the SBRT model and the CFRT mode! fitted the elinical data
well (xfi =8.27, p=0.41 and 3 =436, p=0.82, respectively).

A comparison of the dose-specific observed RP incidence be-
tween SBRT and CFRT revealed that there was na significant differ~
ence for any of the six dose ranges covering 4 Gy each. However, RP
occurred more frequently in the two highest dose ranges for SBRT
compared to CFRT, but this difference was not significant (Table 4).
Impactantly, lower numbers of patients were included in the high-
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Fig. 2. (a and b) The incidence of grade >2 RP of SBRT (2a}- and CFRT (2b)-
irradiated patients as a function of the MLD. The error bars represent the 68%
confidence intervals (Cls) of the observed incidence. The solid lines represent the
probability of RP according to the NTCP model with the optimized parameters m
and TDse. The dotted lines represent the 68% CI of the fitted NTCP curve. -

Table 4 .
Incidence of RP by MID range and treatment type (SBRT and €FRT).

er dose ranges for both SBRT and CFRT, {imiting the power of sta-
tistical comparison of these particular high dose groups.

On evaluating the whole dose range, the NTCP curve of SBRT is
steeper for the high dose range suggesting an increased risk for RP
after SBRT compared to CFRT for patients with a higher MLD. How-
ever, there was no statistical evidence that the fitted NTCP model
(with the parameters m and TDsp) differed between SBRT and CFRT
(p =037, likelihood ratio test). Again, we would like to stress that
the statistical power was limited due to lower number of patients
in the high dose range.

The optimal fit of the SBRT and CFRT together resulted in a TDs,

of 24.4 Gy (95% CI: 21.0-32.0 Gy) and in m of 0.49 (95% Cl: 0.42-
0.61) (Fig. 3).
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Fig. 3. Fitted NTCP curves {solid lines) and their 68 % conﬁden;:e intervals (CI)

intervals (dashed lines) as a function of the MLD for SBRT (dark grey), CFRT (black) -

and combined data (light grey) (coloured version available online).

Discussion

A significant relationship between the MLD and the incidence
of RP following SBRT was observed. Moreover, the NTCP model
fitted the SBRT data well. We observed no significant difference
between the NTCP models predicting RP in SBRT and CFRT pa-
tients. Furthermore, ne significant difference between SBRT and
CFRT was observed in the incidence of RP in any dose range. Nev-
ertheless, an increased risk for SBRT in higher dose ranges was
suggested by both the NTCP model fit and the observed RP inci-
dences. However, because fewer patients were available in the
- high dose range no firm conclusions can be made concerning
these differences.

At the Department of Radiation Medicine of the Hokkaido Uni-
versity School of Medicine, different SBRT dose schedules have
been used since 1998. The first applied schedule was 35 Gy in
four fractions which was escalated to 48 Gy in four fractions. Be-
tween these schedules, interim doses of 40 Gy in four fractions
and 48 and 60 Gy in eight fractions were given. In addition, tu-
mours located near to critical structures were more fractionated
than peripheral tumours. The absence of severe toxicity strength-
ened the approach of re-treating patients with tumour recurrence
or irradiating multiple lesions sequentially. Consequently, a dose~
response analysis could be performed with a dose range similar
to the dose range of the CERT. The comparison of SBRT with CFRT
was performed with an update of previously evaluated NKI-AVE
CFRT patients. As expected, the m and TDs; for these CFRT pa-
tients were similar te a previous publication [18} and the meta-
analysis of Semenenko and Li {15}, , v

Previous SBRT studies reported a 0% to 29% incidence of RP
grade 2 or higher [3,9~14,26}, Unfortunately, only a limited num-
ber of studies reported dose parameters to describe the lung dose.
Yamashita et al. {9] reported a high incidence of RP grade 2 or high-
er in seven of the 25 patients treated with 48 Gy in four fractions.
The mean MLD was only 4.3 Gy (ranging from 1.72 Gy to 5.85 Gy).
However, for the calculation of the lung dose, which was not NTD
corrected, not only the tumour volume was subtracted from the to-
tal tung volutme, but also an extra margin surrounding the tumour
was subtracted, resulting in an underestimation of the [ung dose.
Nagata et al. [13] reported a 4% incidence of RP grade 2 in patients
treated with 48 Gy in four fractions with a mean V20 (percentage
volume of the whole lung receiving more than 20 Gy} in this pa-
tient group of only 4.5%. In the study by Ng et al. [26], no RP grade
2 or higher was obsetved. However, this study inciuded only 20 pa-
tients with 80% of the patients having a V20 <20% (GTV ranged
from 4.27 to 74 cm®).

The clinical applicability of our results in relation to ather SBRT
schedules may be questionable as many institutions in Europe and
the USA use fraction doses of 18 Gy or 20 Gy. In our study, 48 Gy in
four fractions was the most commonly used fractionation schedule
having eight different beam angles (i.e. 1.5 Gy per beam). For frac-
tion doses of 18 Gy, at least 12 different beam angles are used [s}
which also results in 1.5 Gy per beamn. Therefore, the major part of
the lung tissue will receive equivalent doses per fraction. More-
over, in the 18 Gy or 20 Gy per fraction schedule, the percentage
of lung tissue receiving the highest proportion of the dose is small
because smaller dose planning margins of 5 to 10 mm around the
tumour are used {6] (most of our patients had 11 te 13 mm mar-
gins [16]). Therefore, large deviations in the lung tissue response
of these hypofractionated schedules are not expected.

Because the collaboration encompassed two different radio-
therapy departments, a lot of effort was invested in standardizing
methods for dose planning and dose calculation between the pa-
tient groups. A recent study by Gershkevish [27] showed that devi-
ations between different treatment planning systems decrease
with the use of more advanced calculation algorithms. For all pa-
tients included in this analysis, the superposition o collapsed cone
algorithm was used for treatment planning. The clinical variability
in the prescribing of steroids between the two institutes was lim-
ited as only patients who were diagnosed by bath radiotherapists
and pulmonologists experienced with the diagnosis of radiation
pneumonitis were included, Patients were excluded if the diagno-
sis of RP was hampered or was accompanied by pulmonary comor-
bidity (e.g. infection; tumour progression, and previous ‘use of
oxygen). Nevertheless, the uncertainties of including patients from
two different institutes should be taken into account, and a similar
one single-institute validation would be of interest.

We observed a similar time frame for RP occurrences in both
SBRT and CFRT; RP occurred several weeks to 6 months after irra-
diation as both Guckenberger et al. [10] and Yamshita et al, [9] re-
ported for SBRT, and as Graham et al. [28] reported for CFRT.
Further toxicity may be observed with a longer follow-up. In the
study by Timmerman et al. {6], four of the six treatment-related
deaths occurred after 12 months. Four of the patients suffered from
a bacterial pneumonia, and one patient experienced tumour recur-
rence adjacent to the carina. Evidently, both shert- and long-term
toxicity may conceivably be obscured by pufmonary comorbidity
or tumour progression. Therefore, these patients, who are often
suffering from pulmonary comorbidities, should be intensively fol-
lowed up by both radiation oncologists and pulmonologists.

Far lung cancer patients or patients with pulmenary metasta-
ses, the critical prognostic importance of controlling RP risks must
be balanced not only against the patient’s physical condition, but
also against tumour control. A strong consequential component
between acute and long-term: pulmonary toxicity after fung irra-
diation is observed in animal studies [29,30]. Consequently, even
though grade 2 RP might not be life threatening, it may substan-
tially contribute to a cascade of pulmonary deterioration in pa-
tients with pulmonary comorbidity. Moreover, a long-term
dose-dependent progressive decline of pulmonary function is ob-
served in patients treated with CFRT [31] with MED up to 21.9.Gy
(mean MLD 13.9 Gy). In a recently published SBRT phase If study
[32], no relationship was observed between toxicity and lung
dose. In this study, a mean MLD of 7 Gy for 60 patients was
found. Our retrospective study encompassed a larger dose range
for a larger number of patients, but no pulmonary function data
or follow-up CTs were evaluated. A prospective study with a large
dose range with long-term follow-up should reveal the predict-
ability of any radiation-induced toxicity after hypofractionated
schedules.

To date, there are no clinicaf data available which compare the
prognesis (survival) of lung cancer patients experiencing clinically
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relevant radiation-induced toxicity versus non-symptomatic pa-
tients. With regard to the optimal treatment, the clinical evalua-
tion of the risk of tumour recurrence and of the probability of
toxicity is a matter of concern in a patient group with a poor tu-
mour-related prognosis and a high incidence of comorbidity. Our
retrospective evaluation can serve as a guideline estimating the
probability of RP for the clinical decision making (i.e. staying on
the safe side for pulmonary compromised or palliative patients
and accepting a higher risk of toxicity for curable patients without
pulmenary comocbidities). Nevertheless, prospective studies are
needed to reveal the relation of short- and long-term toxicity and
tumour control. .

Time-related recovery of [ung tissue was not taken into account
in our patients who had received multiple treatment schemes, A
mouse study by Tetry et al. [33] showed that irradiation-induced
lung injury tissue could (partly) recover, suggesting an early target
cell depletion and regeneration which was dependent on the size
of the initial injury (i.e. dose). For a single dose of 10 Gy, less recov-
ery was observed than for 6 Gy. Clinical studies evaluating toxicity
after re-irradiations for lung cancer patients are limited due to
poor prognosis. Okamoto et al. [34] studied 34 lung cancer patients
re-irradiated because of a local recurrence. The large number of pa-
tients (19 patients, i.e. 56%) experiencing grade 2 or higher RP sug-
gest limited (or no) time-related recovery. Moreover, from the
long-term survivors (20-58 months after re-irradiation) 71% of
the patients experienced a grade 2 RP., However, no lung dose char-
acteristics were reported, and RP risk estimating could therefore
not be performed.

To predict normal tissue complication probabilities (NTCPs)
after radiotherapy treatment, the delivered dose has to be recalcu-
lated into a biological-effective dose using a mathematical model
(linear quadratic model) [35,36] derived from in vitre and animal
studies [37]. The clinical applicability of this model is a historical
cornerstone in assessing tumour doses and dose tolerance of nor-
mal tissues in conventional fractionation schemes. In contrast, no
study validated the clinical applicability of the LQ model for hypo-
fractionation. For NSCLC cell lines and animal iso-effect data mod-
ifications of the LQ model were proposed showing an improved
description of the dose response relation using these models
[38,39]. Further evaluation concerning the LQ model and potential
modifications of the LQ model to calculate the biological-effective
dose in clinical setting for hypofractionated schedules is therefore
warranted.

Although there were numerous limitations in our study, we
were able to show a relationship between the lung dose and the
incidence of RP for SBRT that was not significantly different from
CFRT.
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