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Abstract. The present study sought to evaluate the impact 
of the flattening filter‑free (FFF) technique in volumetric 
modulated arc therapy for lung stereotactic body radiotherapy. 
Its clinical safety and availability were compared with the 
flattening filter (FF) method. The cases of 65 patients who 
underwent lung volumetric modulated arc therapy‑stereotactic 
body radiotherapy (VMAT‑SBRT) using FF or FFF tech-
niques were reviewed. A total of 55 Gy/4 fractions (fr) was 
prescribed for peripheral lesions or 56 Gy/7 fr for central 
lesions. The total monitor units (MU), treatment time, dose to 
tumors, dose to organs at risk, tumor control (local control rate, 
overall survival, progression‑free survival) and adverse events 
between cases treated with FF and cases treated with the FFF 
technique were compared. A total of 35 patients were treated 
with conventional FF techniques prior to November 2014 
and 30 patients were treated with FFF techniques after this 
date. It was revealed that the beam‑on time was significantly 
shortened by the FFF technique (P<0.01). Other factors were 

similar for FFF and FF plans in respect to conformity (P=0.95), 
homogeneity (P=0.20) and other dosimetric values, including 
total MU and planning target volume/internal target volume 
coverage. The median follow‑up period was 18 months (range, 
2‑35). One‑year local control rates were 97.1 and 90.0% in 
the FF group and FFF groups, respectively (P=0.33). Grade 3 
pneumonitis was observed in 5.8% of FF patients and 3.4% of 
FFF patients (P=1.00). No other adverse events ≥grade 3 were 
observed. The results of the study suggest that VMAT‑SBRT 
using the FFF technique shortens the treatment time for lung 
SBRT while maintaining a high local control rate with low 
toxicity.

Introduction

For early‑stage non‑small cell lung cancer (NSCLC), surgery 
is still the first choice for treatment (1,2). However, not all 
early‑stage NSCLC patients are suited for surgery because 
of advanced age, patient refusal, or other reasons  (3,4). 
Stereotactic body radiotherapy (SBRT) has been widely used 
as an effective alternative treatment for primary lung tumors, 
and reports excellent 3‑year progression‑free survival (PFS) 
of up to 90%, which is considerably better than past data with 
conventional radiotherapy (5,6). In addition, several studies 
on SBRT in patients deemed operable have shown that SBRT 
is also an option for these patients (5‑7). Furthermore, with 
the development of anticancer drugs and immunotherapy, 
long‑term survival has been obtained even in cases with 
distant metastases. As several papers report the usefulness 
of SBRT for ‘oligo‑metastasis or oligo‑recurrence,’ SBRT is 
expected to play a role as radical local therapy for pulmonary 
oligo‑recurrence (8‑12).

In SBRT, good local control is obtained by increasing 
the dose per fraction, which extends the irradiation time per 
fraction; It makes the treatment stressful for elderly patients 
suffering from cardiopulmonary comorbidities, and ultimately 
increase the risk of intra‑fraction motion (13‑15). We have 
performed SBRT using a kind of intensity modulated radiation 
therapy (IMRT) method called single‑arc volumetric modu-
lated arc therapy (VMAT) created by SmartArc (Pinnacle3; 
Philips Medical Systems B.V., Eindhoven, The Netherlands). 
VMAT allows reduction of SBRT treatment times for each 
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fraction, but is still limited by the maximum dose rate of 
a conventional linear accelerator (linac) with a flattened 
beam (16).

Expecting to further shorten treatment time, we adopted 
the flattening filter‑free (FFF) technique to our VMAT‑SBRT 
system in 2014. Compensation of the forward‑peak bremsstrah-
lung by a flattening‑filter decreases the maximal dose output 
of a linac, increasing the treatment time (17). By removing the 
flattening filter (so called flattening‑filter‑free), it is possible to 
increase the dose rate and dramatically shorten the treatment 
time. Although the FFF technique may improve clinical safety 
and efficacy by reducing treatment time, few clinical data to 
support this are available. We evaluated the safety and avail-
ability of VMAT‑SBRT using the FFF technique in treatment 
of primary and metastatic lung tumors.

Patients and methods

Patients and tumor characteristics. From November 2013 
to October 2015, 77 consecutive patients with 79 pulmonary 
lesions received single‑arc VMAT‑SBRT at the University of 
Tokyo. Of 77 cases, 10 were excluded due to lack of imaging 
examination after treatment, and the remaining 67 cases were 
included. Cases of obvious idiopathic pulmonary fibrosis 
were excluded. Of these 67 patients, 35 patients (35 cases) 
were treated between November 2013 and October 2014 with 
the flattening filter (FF) technique, and 30 patients (32 lesions) 
between November 2014 and October 2015 were treated with 
the FFF technique. Among 54 primary lung tumors, tissue 
diagnosis had been obtained in 23 patients (43%), including 
5 squamous cell carcinomas and 18 adenocarcinomas. Stage 
classification of primary cases (8th  edition of the UICC 
TNM classification) was ≤1A1, 11; 1A2, 22; 1Ac, 19; 2A, 3; 
2B, 3; ≥3, 4. On computerized tomography (CT), a total of 85% 
of the primary tumors measured ≤3 cm. A total of 54 cases 
(83%) were solid tumors, 4  cases (6%) were pure ground 
glass opacity (GGO), and 11 (%) were mixed. The study was 
approved by the ethics committee of University of Tokyo 
Hospital (3372‑(3)/2016) and written informed consent was 
obtained from all patients.

Treatment planning. Planned dose was 55 Gy in four fractions 
(biologically effective dose using the LQ model with a The 
alpha/beta=10 Gy: BED10=105.8 Gy) for 55 peripheral lesions, 
or 56 Gy in seven fractions (BED10=100.8 Gy) for 14 central 
lesions to cover 95% of the PTV (D95%). Central tumors were 
defined as such using RTOG 0236 criteria (18,19).

All patients underwent CT based SBRT planning for 
VMAT. Four‑dimensional (4D) CT images for treatment 
planning were acquired with 2‑mm‑thick sections using a 
16‑detector scanner (Aquilion LB®; Toshiba Medical Systems, 
Otawara, Japan). The patients were treated in the supine posi-
tion while wearing an abdominal compressor. A stereotactic 
body frame was also used to minimize breathing artifacts 
for treatment planning CT. Scans were performed using an 
external respiratory monitoring system (AZ‑733 V®; Anzai 
Medical, Tokyo, Japan). In our institution, 4D‑CT for planning 
divides the respiratory cycle into 10 sections. Respiratory phase 
data were transferred to a treatment planning system (TPS) 
(Pinnacle3®, version 9.10; Philips Medical Systems B.V.). Gross 

tumor volume (GTV) was delineated in each respiratory phase 
using the lung window (window, 1,600 HU; level, ‑300 HU). 
These 10 GTVs were fused to form the internal target volume 
(ITV) and then a uniform 5 mm margin was added to create 
the planning target volume (PTV) (20‑22).

Dose to targets and OARs. Planning target coverage aimed 
to cover PTV with 95% of the prescribed dose. The main 
organs at risk (OARs) were healthy lung, spinal cord, heart, 
and esophagus. Treatment plans were required to meet 
explicit objectives as follows: V20 <10% (less than 10% of the 
volume receiving 20 Gy) and V5 <25% for the ipsilateral lung, 
V20 <0% and V5 <15% for the contralateral lung, V15=0% 
for spinal cord, V30=0% for heart and liver, and V50=0% for 
body (23).

SBRT procedure. All patients were treated using VMAT‑SBRT 
with 6 or 10 MV FF or FFF beams. The maximum dose rate for 
FFF beams was 1500 monitor units (MU)/min for 6 MV and 
2,400 MU/min for 10 MV (18). VMAT plans were designed 
using a single partial arc with angle ranges of ‑40˚ to 180˚ 
(left lung) or ‑180˚ to 40˚ (right lung) (Fig. 1).

A conformal field shape was used to reduce the interplay 
effect (24). In inverse planning of VMAT, the conformal‑like 
field shape can be created by imposing a constraint on 
multi‑leaf collimator (MLC) motion speed (25); the MLC 
moves smoothly during VMAT delivery, so that the constraint 
is intended to form field shapes that do not hide the target. In 
this study, a constraint on MLC motion of 0.2 cm/degree was 
applied.

Dosimetric planning and plan analysis were generated 
with the TPS. The collapsed cone convolution method (which 
is comparable to the superposition method) in the TPS was 
used for heterogeneity correction for the lungs. All final 
calculations were performed with a grid size of 2.0 mm. Dose 
distributions were calculated using peak exhalation CT data.

Evaluation of dosimetric and technical data. For each group 
of patients, technical parameters of dose delivery were scored 
in terms of total number of MU, MU/Gy, and beam‑on times. 
Dosimetric quality of treatments was measured from dose 
volume histogram (DVH) analysis. For the PTV and ITV, 
the target coverage (mean, D2%, D50%, D98%), homogeneity, 
and conformity were reported. The homogeneity index (HI) 
was described as (D2%‑D98%)/D50%, and the conformity index 
as the ratio of the volume receiving 95% of the prescribed 
dose and the PTV/ITV volume (19,26). For OARs, the mean 
dose, maximum dose (Dmax) and appropriate volumes of Vx 

(volume receiving at least X Gy) were scored.

Evaluation of clinical data. The patients were usually exam-
ined two months after SBRT and every six months thereafter. 
Chest CT or 18F‑fluorodeoxyglucose positron emission tomog-
raphy/computed tomography (FDG‑PET/CT) was used for 
follow‑up. Local tumor recurrences or distant relapses were 
evaluated following the Response Evaluation Criteria In Solid 
Tumors (RECIST) criteria (version  1.1). In case RECIST 
criteria were not useful depending on the post‑irradiation 
changes of normal tissue, an FDG‑PET/CT was performed 
to differentiate between tumor recurrence and lung fibrosis. 
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The 1‑year local control rate (LCR), overall survival (OS), 
and relapse‑free survival (RFS) were evaluated and compared 
between FF and FFF cases. Acute and late toxicities were 
assessed according to the Common Terminology Criteria for 
Adverse Events Version 4.0 (CTCAE v4.0).

Statistical analysis. The OS, LCR and RFS were defined over 
the period from the time of the first day of SBRT until death, 
recurrence or the last patient contact. Local failure was defined 
as progressive and increasing CT scan abnormalities with a 
high maximum 2-(fluorine-18)-fluoro-2-deoxy-D-glucose 
(FDG) uptake of >3 standardized uptake value (SUV), with 
or without biopsy. They were calculated using Kaplan‑Meier 
curves, and the curves were then compared using the log‑rank 
test. The statistical analyses were performed using R software, 
and P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Characteristics of each treatment group. Table I compares 
the characteristics of the FF and FFF groups. There was no 

significant difference in the age distribution of subjects in 
the groups, and >50% patients in both groups were >80 years 
old. The mean PTV of the FF and FFF groups was 50.4 cm3 

(range, 14.1‑225.63) and 40.1  cm3 (range, 9.0‑135.2), ITV 
volume was 17.1 cm3 (range, 2.3‑103.3) and 14.8 cm3 (range, 
1.4‑67.2), respectively. There were no significant differences 
between PTV and ITV (P=0.32, 0.64), respectively. Regarding 
tumor location, in the second half period using FFF, the 
proportion of central lesions had a tendency being larger 
(11 to 31%, P=0.069). Of the 35 patients in the FF group, 30 
of 35 lesions (86%, including 25 primary cases) were NSCLC, 
while in the FFF group, 30 lesions (94%, including 29 primary 
cases) in 32 patients were NSCLC, the rest being pulmonary 
oligo‑recurrence.

Table  II summarizes the tumor features, focusing on 
primary NSCLC in both groups. The pathological diagnosis 
of NSCLC was confirmed in 42%, of which adenocarcinoma: 
squamous cell carcinoma ratios were 8:2 and 9:3, respectively. 
In the FF and FFF groups, solid lesions accounted for 76 and 
81% of each, respectively.

There was no significant difference in the distribution of 
tumor sizes (solid part) between the groups (P=0.15). Tumors 

Figure 1. Radiation dose distribution of SBRT using intensity modulated radiation therapy method called single‑arc volumetric modulated arc therapy.
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were classified based on the T classification of the UICC eighth 
edition as shown in Table II.

Dosimetric and technical data. Technical features for the FF 
and FFF groups are summarized in Table III. Between FF 
and FFF, no statistical difference was observed for PTV/ITV 
coverage in terms of D98% and D50%. There was no significant 
difference between the two groups even at D2%, rather as an 
indicator of HI. The FFF plans were not inferior, with a mean 
conformity index of 1.32 (range 1.04‑3.11), while the FF plans 
showed 1.51 (range 0.82‑2.21) for PTV (P=0.95). The same was 
true for ITV. The difference in the HI of the two techniques 

was also not significant (P=0.20). Comparing the mean MU 
values, no significant differences were found between the two 
groups too (P=0.63).

On the other hand, the beam‑on time was significantly 
shortened with use of the FFF plan (P<0.01) (Fig. 2); the mean 
beam‑on‑time of the FFF plan was less than half that of the FF 
plan. This is in agreement with other studies (27‑29).

Dose to the OARs. Table IV shows the doses to the OARs with 
the FF and the FFF techniques. No significant difference was 
observed between the two treatment plans for the lung dose, in 
terms of the mean dose (D mean) or the V20, V10, or V5. We 

Table I. Patient background and comparison between the FF and FFF groups.

	 Total
	 mean (range)	 FF	 FFF	 P‑value	 Test

Number	
  Patients‑lesions	 65‑67	 35‑35	 30‑32		
Sex	
  Male	 40	 22	 18	 0.81	 χ2

  Female	 25	 13	 12
Mean‑age (range)		  77 (56‑89) 	 76 (46‑86)	 0.85	 Unpaired t
Age‑classification	
  ≧80 years	 32	 17	 15	 0.91	 χ2

  <80 years	 33	 18	 15
General condition	
  Karnofsky index		  90 (70‑100) 	 90 (80‑100)	 0.69	 Unpaired t
Smoking status	
  Active	 6	 3	 3
  Former	 22	 10	 12		
  Never	 23	 10	 13		
  Not known	 14	 12	 2
  Brickman index		  450 (0‑2,000)	 630 (0‑3,000)	 1	 Unpaired t
Pulmonary lesions	
  Primary NSCLC	 54	 25	 29		
  Recurrent/residual NSCLC	 6	 5	 1		
  Metastatic pulmonary lesions	 7	 5	 2		
Tumor location	
  Peripheral	 51	 33	 22	 0.05	 χ2

  Central	 14	 4	 10
Involved lobe	
  Right upper	 20	 10	 10		
  Right middle/lower	 21	 13	 8		
  Left upper	 8	 5	 3		
  Left lower	 15	 9	 6		
  Other 	 5	 0	 5		
PTV	
  cm³	 45.6 (9.0‑225.6)	   50.4 (14.1‑225.6)	   40.1 (9.0‑135.2)	 0.32	 Unpaired t
ITV	
  cm³	 16.0 (1.4‑103.3)	 17.1 (2.3‑103.3)	 14.8 (1.4‑67.2)	 0.64	 Unpaired t

FF, flattening filter; FFF, flattening filter free; PTV, planning treatment volume; ITV, internal target volume; U, upper; M, middle; L, lower.
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evaluated the dose to other OARS, and found no significant 
differences between the FF and the FFF plans.

Tumor control. The median follow‑up period was 18 months 
(range 2‑35) for all, and 24 months for the FF group (range 2‑35) 
and 12 months for the FFF group (range 2‑23). The median 
OS, PFS and LCR times had not been reached at the time of 
data analysis, and no significant differences were observed 
(P=0.164, 0.26, 0.847, respectively). Kaplan‑Meier analyses 
of OS and RFS in both groups are shown in Figs. 3 and 4, 
respectively. Fig. 5 is a Kaplan‑Meier curve for local control. 
One‑year LCRs were 97.1% (1  case relapsed) and 90.0% 
(3 cases relapsed) in the FF and FFF groups, respectively.

Out of 67 subjects, recurrence was observed in 10 cases 
(7 cases in the FF group and 3 cases in the FFF group). There 
were 6  cases of local recurrence and 10  cases of distant 
metastasis. All cases with local recurrence also had distant 
metastases. One case of recurrence is shown in Fig. 6.

Adverse events. We investigated the frequency of adverse 
events (AEs) based on the information in the medical records 
using CTCAE v4.0. Toxicity observed within 90 days of SBRT 
was categorized as acute, whereas toxicity observed >90 days 
after SBRT was categorized as late.

The appearance of AEs in each group is shown in Table V. 
Acute adverse events of grade ≥3 were not observed. There were 
six cases (9.5%) of dermatitis, seven cases (11.1%) of pleurisy 

and two cases (3.2%) of esophagitis among all subjects. Late 
adverse events were investigated in 63 cases (FF: 34 cases, FFF: 
29 cases) that could be observed for >90 days from the start of 
treatment. In these 63 cases, grade ≥1 radiation‑induced pneu-
monitis were observed in 33 cases (97%) in the FF group and 
27 cases (93%) in the FFF group. Most of the ‘pneumonitis’ 
showed only changes on the image, in other words, grade 1. 
Of the FF group, there were twenty‑nine cases (85%) of grade1 
pneumonitis, three cases (9%) of grade 2, and two cases (6%) 
of grade 3. Of the FFF group, there were twenty‑two cases 
(76%) of grade1 pneumonitis, four cases (14%) of grade 2 and 
one case (4%) of grade 3. Pneumonitis of grade ≥4 was not 
observed.

Table III. Technical features for FF and FFF techniques.

	 FF mean (range)	 FFF mean (range)	 P‑value

PTV	
  D2%	 61.9 (59.4‑76.4)	 62.5 (52.7‑69.6)	 0.72
  D98%	 54.1 (50.4‑67.5)	 54.2 (49.0‑54.9)	 0.85
  D50%	 59.0 (50.4‑67.5)	 59.1 (51.6‑63.3)	 0.81
  CI	 1.51 (0.82‑2.21)	 1.32 (1.04‑3.11)	 0.95
  HI	 0.15 (0.04‑0.36)	 0.13 (0.06‑0.26)	 0.20
ITV
  D2%	 62.7 (59.6‑75.3)	 63.2 (52.7‑70.4)	 0.71
  D98%	 57.5 (54.0‑61.0)	 57.6 (51.3‑59.8)	 0.94
  D50%	 60.6 (57.6‑69.7)	 60.6 (51.9‑64.2)	 0.52
  CI	 1.51 (0.82‑2.21)	 1.32 (1.04‑3.11)	 0.95
  HI	 0.15 (0.04‑0.36)	 0.13 (0.06‑0.26)	 0.20
MU	 2,181 (1,203.5‑2,414.2)	2,076 (718.5‑2,506.0)	 0.63
TT	 3.64 (2.00‑4.02)	 1.48 (0.50‑1.80)	 0.010
(min)

PTV, planning treatment volume; ITV, internal target volume; 
D2% (98%/50%), dose at which the volume irradiated above the dose is 
2% of the total volume of the organ of interest; MU, monitor unit; 
TT, treatment time; CI, conformity index; HI, homogeneity index; 
FF, flattening filter; FFF, flattening filter‑free. All P‑values were 
calculated using unpaired t test.

Table II. The tumor features, focusing on primary NSCLC in 
both groups.

Primary NSCLC	 FF	 FFF	 P‑value	 Test

Number of lesions	 25	 27		
Pathology	
  Adenocarcinoma	 8	 9	 0.91	 χ2

  Squamous cell 	 2	 3		
  Others	 0	 0		
  Unknown	 15	 15		
Lesion texture	
  GGO	 3	 1	 0.53	 χ2

  Part‑solid	 3	 4		
  Solid	 19	 22		
Tumor diameter	
  Mean (range)	 22.9	 24.0	 0.68	 Unpaired t
	 (0‑51)	 (4‑60)
T‑Stage	
  T0	 3	 1	 0.65	 χ2

  T1A1	 1	 1		
  T1A2	 12	 12		
  T1A3	 6	 8		
  T1B	 1	 1		
  T2A	 1	 2		
  T2B	 1	 2		

NSCLC, non‑small cell lung carcinoma; GGO, ground glass opacity.

Figure 2. Box‑plot diagrams about the treatment time of the FF and FFF groups.
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We experienced one case of grade 2 tracheal stenosis in 
the FFF group. In this case, wheezing appeared 3 months 
after treatment, and the patient received steroid medication. 
At 7  months after treatment, thickening of the bronchial 
walls and tracheal stenosis were observed, but symptoms 
were controlled by the use of inhaled steroids (Fig. 7). There 
were no late adverse events of grade ≥3 involving the heart or 
esophagus.

Discussion

Clinical reports on FFF are sparse, and few of these compare 

Figure 5. Kaplan‑Meier curves for local control rate (LCR) for patients 
treated using FF technique (black line) and FFF technique (red line).

Figure 4. Kaplan‑Meier curves for relapse‑free survival (RFS) for patients 
treated using FF technique (black line) and FFF technique (red line).

Figure 3. Kaplan‑Meier curves illustrating overall survival for patients 
treated using FF technique (black line) and FFF technique (red line).

Table Ⅳ. Summary of dose volume histogram analysis for organs at risk.

Organ	 Dose volume	 FF (n=35) mean (range)	 FFF (n=30) mean (range)	 P‑value

Lung	 V20 Gy (%)	 8.0 (1.8‑16.9)	 7.9 (2.7‑15.4)	 0.90
	 V10 Gy (%)	 14.2 (2.5‑36.7)	 14.5 (6.4‑29.0)	 0.82
	 V5 Gy (%)	 21.6 (4.9‑49.2)	 21.8 (5.2‑42.6)	 0.94
	 Dmean (cGy)	 5.50 (0.2‑11.5)	 5.5 (2.0‑9.6)	 0.99
Spinal cord	 Dmax (cGy)	 13.8 (4.2‑27.8)	 11.60 (0.2‑25.7)	 0.16
Heart	 Dmean (cGy)	 4.57 (0.01‑23.8)	 3.96 (0.1‑10.5)	 0.75

FF, flattening filter; FFF, flattening filter‑free; V20 (V10, V5), percentage volume receiving 20 Gy (10 Gy, 5 Gy); Dmean, the mean dose. All 
P‑values were calculated using unpaired t test.

Figure 6. In this case of primary lung cancer located in the left upper lobe, 
local recurrence occurred 7 months and brain metastasis occurred 11 months 
after SBRT (55 Gy/4Fr) was performed. (A) Primary lung lesion before 
treatment, (B) PET‑CT image of brain before SBRT, (C) local recurrence 
7 months after SBRT, (D) brain metastasis 11 months after SBRT.
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the clinical results of FF and FFF in the same facility. The 
present study is a retrospective observation study of 67 cases 
where VMAT‑SBRT was performed in our hospital from 
2013 to 2015. The cases during the period were divided into 
FF and FFF groups, and beam data and clinical results were 
compared between the two groups. Although the two groups 
underwent treatment at different times in the same facility, 
no change was made except for the presence or absence of 
the flattening filter.

Shortening of treatment time. We have performed SBRT using 
VMAT‑IMRT since 2010, and FFF since 2014. Yamashita, et al 
already reported details of treatment from our hospital (20). 
VMAT has been reported to be a novel rotational technique 
and an extension of IMRT, and is applicable for SBRT for lung 
tumors (23,30‑34). By introducing VMAT, we could reduce 
the dose delivery time down to 210 sec for a D95 prescription 
dose of 50 Gy in four fractions (35). Furthermore, we added a 
FFF‑system to our LINAC (Elekta AB, Stockholm, Sweden), 
and succeeded further reduction of treatment time with the 
beam‑on time reduced 50% or more (22) (Table III, Fig. 2).

Clinical Merit of FFF system. Increasing the dose rate and 
shortening the treatment time reduces the patient's pain. As 
Thomas et al stated, shortening treatment time enables more 
accurate dose delivery because body motion and irregular 
breathing during treatment time are reduced (36).

Another advantage of the FFF method is reported to 
be a reduction in the dose to surrounding normal tissue, in 
particular lungs, by drawing sharp slope on the periphery 

of the tumor  (37,38). It is expected to lead to reduce side 
effects eventually. In addition, adopting FFF methodology to 
volume prescription, a high dose (so‑called ‘hot spot’) will be 
aimed at the central part of the target. This may improve the 
treatment of radio‑resistant lesions (e.g., colon cancer lung 
oligo‑recurrence) (39).

These advantages of using FFF‑method were not 
directly reflected in our clinical data, however. There was 
no significant difference between the FF and FFF groups in 
MU value, dose to OARs and targets. It seems to be partly 
because the number of the subjects of this study was small, 
the stage and tumor diameters had a wide range, and the 
observation period was short. Prendergast et al reported 
that there was no significant difference between the two 
treatments, and Rieber et al pointed out the same cause as 
us (40,41).

As for the clinical result in our research, one‑year LCR was 
95% for all, 93% for the FF group and 97% for the FFF group. 
One‑year OS was 97% for all, 94% for FF and 100% for FFF 
group, respectively. Rieber, et al reported the results similar 
to ours. They achieved 1‑year LCR of 92.8% and 1‑year OS 
of 94.4% with FFF‑VMAT‑SBRT using 8x7.5 Gy (D80%) for 
central lesions and 3x15 Gy (D65%) for peripheral lesions (14). 
Navarria  et  al reported on 132 VMAT‑SBRT cases with 
48 Gy/4 fr prescriptions with a 1 year LCR of 100% with FFF 
and 92.5% with FF (27). In their report, they stated that the 
FFF achieved a significantly better one‑year LCR. However, 
most of the presentations so far are only saying that there is 
no obvious difference for the same reasons as ours (14,28,29). 
These results can lead to no definite conclusion at the moment, 
but at least, we can say that the performance of FFF was not 
inferior to that of FF.

Speaking of AEs of this study using FFF, grade 3 AEs 
appeared as two cases of pneumonitis (3%) and one case of 
esophagitis (1.5%). No AEs >grade 3 were observed. Although 
the observation period was short and no conclusions can be 
drawn, no serious AEs have been observed in either group to 
date. Although most reports targeted peripheral early stage 
lung cancer, the target of our study was not limited to early 
stage, and also included central lesions that are said to have 
higher risk of AEs (5,42,43). In addition, most studies of lung 
SBRT in Japan adopt a 48 Gy/4 fr prescription (5,44), whereas 
we prescribed 55 Gy/4 fr for peripheral lung cancers and 
56 Gy/7 fr for central ones (that is, BED10 >100 in all cases). 

Figure 7. A case of grade 2 bronchial stenosis in an FFF subject. This case 
received VMAT‑SBRT of 56 Gy/7fr using FFF technique for central lesions 
in the right lung. It is obvious that the bronchial lumen indicated by the arrow 
gradually narrowed after treatment. (A) Before treatment; (B) 3 months after 
treatment; and (C) 7 months after treatment.

Table V. The appearance of side effects in each group.

Component	 Grade	 FF‑group	 FFF‑group
and disorders	 (CTCAE vol4.0.)	 number (%)	 number (%)

Acute adverse		  35	 30
events
Dermatitis	 ≤2	   5 (14.3)	 1 (3.3)
	 3	 0 (0)	 0 (0)
Esophagitis	 ≤2	 2 (5.7)	 0 (0)
	 3	 0 (0)	 0 (0)
Late adverse		  34	 29
events
Pneumonitis	 1	 28 (82.4)	   3 (10.3)
	 2	 3 (8.8)	 1 (4.3)
	 3	 2 (5.9)	 1 (4.3)
Tracheal stenosis	 ≤2	 0 (0)	 0 (0)
	 3	 0 (0)	 2 (8.7)
Pleuritis	 ≤2	   5 (14.7)	 0 (0)
	 3	 0 (0)	 1 (4.3)
Pericarditis	 ≤2	 0 (0)	 0 (0)
	 3	 0 (0)	 0 (0)
Rib fracture	 all	 0 (0)	 0 (0)

FF, flattening filter; FFF, flattening filter free; CTCAE, common 
terminology criteria for adverse events.
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Taking these conditions into consideration, safety results were 
not inferior to those of other reports about SBRT using FF 
technique.

Limitations of this study are its small number of cases and 
short observation period. Further, the study was conducted at 
a single facility and the observation period between the two 
groups varied. It is inevitable for retrospective observational 
studies to have missing data, such as loss of pathological diag-
nosis. Although the results of the SBRT of each facility cannot 
be compared simply because the techniques, prescription dose, 
and objects are greatly different from each other, it will be 
necessary to conduct investigations with larger numbers of 
cases and longer observation periods.

VMAT‑SBRT using FFF enabled a shortened treatment 
time without lowering local control or increasing AEs.
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