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Introduction 

Lung cancer is one of the most common types of cancer in Korea 
and is the leading cause of cancer-related deaths in both men and 
women [1]. Most lung cancers are non-small cell lung cancers (NS-
CLC), and definitive concurrent chemoradiotherapy (CCRT) is the 

Several recent studies have investigated the use of hypofractionated radiotherapy (HFRT) for various 
cancers. However, HFRT for non-small cell lung cancer (NSCLC) with or without concurrent chemo-
therapy is not yet widely used because of concerns about serious side effects and the lack of evidence 
for improved treatment results. Investigations of HFRT with concurrent chemotherapy in NSCLC have 
usually been performed in single-arm studies and with a small number of patients, so there are not 
yet sufficient data. Therefore, the Korean Society for Radiation Oncology Practice Guidelines Commit-
tee planned this review article to summarize the evidence on HFRT so far and provide it to radiation 
oncology clinicians. In summary, HFRT has demonstrated promising results, and the reviewed data 
support its feasibility and comparable efficacy for the treatment of locally advanced NSCLC. The inci-
dence and severity of esophageal toxicity have been identified as major concerns, particularly when 
treating large fraction sizes. Strategies, such as esophagus-sparing techniques, image guidance, and 
dose constraints, may help mitigate this problem and improve treatment tolerability. Continued re-
search and clinical trials are essential to refine treatment strategies, identify optimal patient selection 
criteria, and enhance therapeutic outcomes.
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cornerstone of treatment for unresectable locally advanced NSCLC 
(LA-NSCLC). The National Comprehensive Cancer Network guide-
line suggests a conventionally fractionated regimen of 60–70 Gy in 
2 Gy fractions (fx) as the most commonly prescribed dose for de-
finitive radiotherapy (RT) [2].  

Many recent studies have investigated hypofractionation regi-
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mens for various cancers to reduce the medical resources and pa-
tient burden. In breast or prostate cancer, the historical standard 
fractionation of 1.8–2 Gy per fx can no longer be considered the 
standard, and the hypofractionated regimen is replacing it [3,4]. 
However, in the case of NSCLC, despite various technological ad-
vances such as intensity-modulated radiotherapy (IMRT), image 
guidance, and respiratory control, hypofractionated regimens with 
or without concurrent chemotherapy are not yet widely used be-
cause of concerns about serious side effects and the lack of evi-
dence for improving treatment results. In a previous systematic re-
view of 33 studies on radical intent hypofractionated RT (HFRT) for 
LA-NSCLC, high heterogeneity of published studies was identified, 
with a wide variety of prescribed doses (ranging from 45 Gy/15 fx 
to 75 Gy/28 fx) and a correspondingly wide range of survival and 
toxicity [5]. The 2023 American Society for Therapeutic Radiology 
and Oncology summary of the American Society of Clinical Oncol-
ogy guideline also mentions that modest hypofractionation of 
2.15–4 Gy per fx can be considered in stage III NSCLC patients re-
ceiving definitive RT, but the strength of the recommendation is 
“weak” and the quality of evidence is judged to be “low” [6]. 

Biologically, HFRT may achieve better treatment outcomes by in-
creasing the biologically effective dose (BED) and preventing can-
cer cell repopulation without increasing treatment time [7]. How-
ever, investigations of HFRT with concurrent chemotherapy in 
LA-NSCLC have usually been performed in single arm studies and 
with a small number of patients; therefore, there are not yet suffi-
cient large-scale data. 

HFRT with concurrent chemotherapy has emerged as a promis-
ing treatment option for patients with unresectable NSCLC. There-
fore, the Korean Society for Radiation Oncology (KOSRO) Practice 
Guidelines Committee planned this review article to summarize the 
evidence so far and provide it to radiation oncology clinicians who 
might find it useful when deciding about the clinical application of 
HFRT. We will not address perioperative HFRT, which is more un-
founded and less frequently used and will only review the case of 
definitive RT. 

We searched PubMed and EMBASE databases using the follow-
ing keywords: “NSCLC,” “radiotherapy” or “hypofraction*.” Titles 
and abstracts were screened for initial study selection, and a full-
text review was conducted when the abstracts were inconclusive 
in determining eligibility. All studies to be mentioned later were se-
lected to satisfy the following conditions: (1) patients with LA-NS-
CLC, (2) RT for radical aim initial treatment, (3) dose per fx ≥2.4 Gy 
including the simultaneous integrated boost (SIB) or boost tech-
niques, and (4) 10 or more patients in one treatment arm. 

The following exclusion criteria were applied (1) irrelevant topic/
subject (small cell lung cancer, lymphoma, etc.) or having mixed 

population, (2) RT for node negative NSCLC, (3) palliative aim RT 
(total dose under 50 Gy) or for patients with stage IV NSCLC, (4) all 
doses per fx <2.4 Gy, (5) a boost regimen after full dose (≥60 Gy) 
radical RT, (6) a re-irradiation study, (7) review article, meta-analy-
sis, case report, editorial, conference abstract only, ongoing clinical 
trial, or non-human experimental study, and (8) un-interpretable 
full text or incomplete information. 

About 20 studies using HFRT (including fx size ≥2.4 Gy) in 
node-positive NSCLC with or without concurrent chemotherapy 
were identified. The subsequent descriptions were largely divided 
according to whether concurrent chemotherapy was administered. 
The seminal characteristics of the included studies are summarized 
in Table 1 (HFRT with concurrent chemotherapy) and Table 2 (HFRT 
alone). 

Key Question 1: What Hypofractionation 
Regimen Could Be Used for LA-NSCLC 
Treated with Definitive CCRT? 

1. Phase I and II studies 
A series of phase I studies have been conducted to explore the op-
timal fx sizes and total radiotherapy dose to strike a balance be-
tween efficacy and safety. This review compiles the results of these 
studies to gain a comprehensive understanding of the current sta-
tus of HFRT in NSCLC management. Various phase I studies were 
analyzed, focusing on patients with unresectable stage IIIA-B NS-
CLC and some with stage II NSCLC. HFRT was attempted with fx 
sizes ranging from 2.2–4 Gy and total doses from 58.8–78 Gy. Con-
current chemotherapy regimens consisted of different combina-
tions of cisplatin, docetaxel, carboplatin, and vinorelbine. 

In 2013, Bearz et al. [8] conducted a study using HFRT of 60 Gy 
in 25 fx delivered in 2.4 Gy per fx, alongside concurrent chemo-
therapy using cisplatin and docetaxel with an escalated docetaxel 
dose. The median overall survival (OS) and progression-free survival 
(PFS) were 24 months and 20 months, respectively. The grade ≥3 
toxicity rate was 3%, involving one patient with grade 3 esophagi-
tis. Regardless of the chemotherapy dose, radiotherapy at 60 Gy in 
25 fx is feasible. 

A dose escalation study by the Cancer and Leukemia Group B 
with a total RT dose of 60 Gy delivered in 20–27 fx was reported in 
2018 [9]. The 21 enrolled patients were divided into four cohorts 
with fx sizes of 2.22 Gy (cohort 1), 2.5 Gy (cohort 2), 2.73 Gy (co-
hort 3), and 3 Gy (cohort 4). The regimen for concurrent chemo-
therapy consisted of carboplatin and paclitaxel, and all patients 
were treated with IMRT. With a follow-up of 23 months, the medi-
an OS was 19.3 months and PFS was 12.2 months. In cohorts 1–3, 
six patients were included. However, only three patients were 
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treated with 3 Gy per fx doses, because three grade 5 adverse 
events occurred in cohorts 2 and 3. These included two patients 
who experienced fatal hemoptysis and one patient who experi-
enced grade 5 pneumonitis. Overall, grade 3 or higher toxicities oc-
curred in seven patients (33%): one in cohort 1, two in cohort 2, 
two in cohort 3, and two in cohort 4. The maximally tolerated dose 
suggested in this trial was 60 Gy given at 2.5 Gy/fx. 

A relatively large prospective phase I/II study was reported in 
2020 by Glinski et al. [10] in 92 patients. Total dose remained at 
58.8 Gy, however the fx size was increased up to 2.8 Gy, BED of 
75.26 Gy with α/β ratio of 10. RT was delivered using three-dimen-
sional conformal radiotherapy (3D-CRT) and IMRT. These patients 
received two cycles of concurrent full-dose cisplatin and vinorel-
bine, with cisplatin 80 mg/m2 D1 and D22; and vinorelbine 25 mg/m2, 
D1, D8, D22, and D29. The survival outcome of this study confirmed the 
efficacy of HFRT, with a median OS and PFS of 38 and 25 months, 
respectively. However, the safety of the scheme must be considered. 
A total of 35% of all patients experienced grade ≥3 toxicities and 
there were seven (7.8%) toxic deaths due to the following reasons: 
three from hemoptysis, two from pneumonitis, one from prolonged 
esophageal toxicity, and one from pulmonary abscess. All patients 
had centrally located lesions and received a significantly higher me-
dian heart dose. Additionally, their planning target volume (PTV) was 
relatively larger than that of the other studies (median PTV, 464.1 
cm3). The authors emphasize the need to make all efforts to reduce 
the irradiated volume when using HFRT. 

A Chinese group conducted a study on 26 patients treated with 
3 Gy/fx, resulting in a total of 60–75 Gy [11]. Both the fx size and 
total dose were escalated. Carboplatin and vinorelbine were con-
currently administered as chemotherapy. The median follow-up 
time was 11.5 months with median and 1-year OS and PFS of 13 
months and 60.9% and 10 months and 37%, respectively. Four 
cases (15.4%) of grade 3 esophagitis were noted, three of which 
were treated with 75 Gy, while the remaining one patient was 
treated up to 69 Gy. Grades 3 and 4 neutropenia were recorded in 
30.8% and 7.7% of pneumonitis cases. The median gross tumor 
volume (GTV) and PTV were relatively small in this study, 72.5 cm3 
and 511.1 cm3, which could explain the low incidence of severe 
toxicity, regardless of the large fx size and high total dose. 

With the introduction and increased use of proton therapy, a 
dose-level escalation study using intensity-modulated proton ther-
apy (IMPT) was conducted in 2022 by Contreras et al. [12]. They in-
cluded 20 patients with a starting dose of hypofractionated proton 
therapy of 52.5 Gy in 15 fx (3.5 Gy/fx), with the dose per fx esca-
lating by 0.25 Gy, up to a total of 60 Gy. Two-year OS and can-
cer-specific survival were 48% and 60%, respectively. Severe acute 
toxicity did not occur, but three cases of late grade 3 toxicity 



109https://doi.org/10.3857/roj.2023.00955

Evidence of hypofractionated RT: part 2 (NSCLC)

Ta
bl

e 
2.

 S
um

m
ar

y 
of

 s
tu

di
es

 o
n 

hy
po

fr
ac

tio
na

te
d 

RT
 a

lo
ne

 in
 lo

ca
lly

 a
dv

an
ce

d 
no

n-
sm

al
l c

el
l l

un
g 

ca
nc

er

St
ud

y 
ty

pe
Ye

ar
To

ta
l #

  
of

 p
at

ie
nt

s
To

ta
l R

T 
 

do
se

 (G
y)

Fr
ac

tio
n 

 
siz

e 
(G

y)
# 

of
  

fra
ct

io
na

tio
n

RT
  

te
ch

ni
qu

e
M

ed
ia

n 
 

fo
llo

w
-u

p 
(m

o)
OS

  
(m

o)
PF

S 
 

(m
o)

Gr
ad

e 
 

≥
3 

to
xi

ci
ty

Pr
os

pe
ct

iv
e 

st
ud

ie
s

 
Su

n 
et

 a
l. 

[3
3]

20
00

43
65

2.
5

26
3D

-C
RT

  
(c

on
co

m
ita

nt
 

bo
os

t)

22
 (8

–4
6)

N
/A

N
/A

To
ta

l: 
0%

 
Iy

en
ga

r e
t a

l. 
[3

4]
20

21
50

60
4

15
IG

RT
8.

7 
(3

.6
–1

9.
9)

1-
yr

: 3
7.

7%
M

ed
ia

n:
 6

.4
To

ta
l: 

36
%

M
ed

ia
n:

 8
.2

Dy
sp

ne
a:

 1
9%

 (G
3 

16
%

, G
4 

2%
, G

5 
2%

)
De

at
h 

N
OS

: 1
%

G3
 p

ul
m

on
ar

y 
to

xi
ci

ty
 (A

RD
S 

2%
, c

ou
gh

 2
%

, 
pl

eu
ra

l e
ffu

sio
n 

2%
, p

ne
um

on
iti

s: 
2%

)
Se

le
ct

iv
e 

re
tro

sp
ec

tiv
e 

st
ud

ie
s

 
Gh

os
al

 e
t a

l. 
[3

6]
20

15
22

2
52

.5
–5

5
2.

62
5–

2.
75

20
3D

-C
RT

61
.6

M
ed

ia
n:

 2
8.

6
N

/A
N

/A
 

Io
co

la
no

 e
t a

l. 
[3

7]
20

20
1,

11
2

50
–8

0 
 

(m
ed

ia
n 

58
.5

)
2.

25
–4

  
(m

ed
ia

n 
2.

5)
M

ed
ia

n:
 2

2
N

/A
N

/A
1-

yr
: 4

2.
9%

N
/A

N
/A

3-
yr

: 5
.1

%
M

ed
ia

n:
 9

.9
 

Br
ad

a 
et

 a
l. 

[3
8]

20
22

9,
18

1
55

2.
75

20
N

/A
N

/A
M

ed
ia

n:
 2

5
N

/A
N

/A

RT
, r

ad
io

th
er

ap
y;

 O
S,

 o
ve

ra
ll 

su
rv

iv
al

; P
FS

, p
ro

gr
es

sio
n-

fre
e 

su
rv

iv
al

; 3
D-

CR
T, 

th
re

e-
di

m
en

sio
na

l c
on

fo
rm

al
 ra

di
ot

he
ra

py
; I

GR
T, 

im
ag

e-
gu

id
ed

 ra
di

ot
he

ra
py

; N
OS

, n
ot

 o
th

er
w

ise
 s

pe
ci

fie
d;

 A
RD

S,
 a

cu
te

 re
-

sp
ira

to
ry

 d
ist

re
ss

 sy
nd

ro
m

e;
 N

/A
, n

ot
 a

va
ila

bl
e.

(pneumonitis, vocal cord paralysis, and pleurocutaneous fistula) 
occurred, all of which belonged to the 4 Gy/fx group. On the con-
trary, in another hypofractionated proton therapy study executed 
by Hoppe et al. [13], which used a similar treatment scheme, 12 of 
18 patients experienced a grade ≥3 event, including two cases of 
grade ≥4 toxicity (pneumonitis and congestive heart failure). Al-
though only one toxicity event was related to radiotherapy, and the 
others were attributed to chemotherapy, the authors recommended 
that 4 Gy/fx should be used with caution in a CCRT setting.  

Several studies have attempted HFRT using the SIB technique. In 
most trials, the PTV dose remained at the conventional fx, whereas 
the GTV dose was escalated using hypofractionation. 

Jeter et al. [14] reported a dose escalation study starting from 
72–78 Gy in 30 fx using the SIB technique with IMRT or IMPT. Fif-
teen patients were enrolled in the study. In the 72 Gy group, six 
patients were treated with IMRT, and three patients were treated 
with IMPT. The remaining six patients were in the 78 Gy group, and 
IMPT was used in all cases. The median overall survival was 25.3 
months. Grade ≥3 toxicity was reported in three patients (20%): 
two patients were in the 78 Gy group, including one patient with 
fatal pneumonitis. 

Li et al. [15] used cisplatin-based doublet chemotherapy along-
side IMRT using the SIB technique, with 3 Gy/fx to GTV up to 78 Gy 
and 2.3–2.5 Gy/fx to PTV up to 60–65 Gy. This treatment scheme 
was efficacious, with 1-year OS and PFS of 90% and 84.4%, and 
5-year OS and PFS of 35.5% and 28.4%, respectively. Although 
grade ≥3 esophageal and pulmonary toxicity did not occur, one 
case each of grade ≥3 gastrointestinal and hematologic toxicities 
were observed. 

In a recently published article by Zhang et al. [16], a similar 
treatment protocol was reported. They used the SIB technique with 
concurrent administration of cisplatin and docetaxel. Twenty-five 
patients were included and the radiotherapy dose was escalated in 
four levels. The first dose level started with conventional fraction-
ation, with 60 Gy/30 fx to the GTV and 54 Gy/30 fx to the PTV. The 
total radiotherapy dose for the GTV was fixed at 60 Gy and fx size 
was escalated from 2.5 Gy to 3 Gy, with an increase of 0.25 Gy at 
each level. The PTV dose was escalated from 50.4 Gy/24 fx to 50 
Gy/20 fx. During a follow-up period of 77.1 months, median, 1-year 
and 3-year OS and PFS were 27.3 months, 84% and 44%, and 15.4 
months, 64% and 34%, respectively. Twenty percent of patients 
suffered grade 3 and higher toxicity. Among them, two patients 
experienced fatal upper gastrointestinal hemorrhage and radiation 
pneumonitis; both were in the dose level 4 group (3 Gy/ fx). As a 
result, the SIB-IMRT protocol with 60.5 Gy in 22 fx to the GTV and 
49.5 Gy in 22 fx to the PTV, with concurrent chemotherapy, for un-
resectable stage III NSCLC was safely achieved. 
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The aforementioned phase I studies demonstrated the feasibility 
and efficacy of HFRT with concurrent chemotherapy for unresect-
able NSCLC. However, the incidence of severe toxicity emphasizes 
the importance of cautious treatment planning and close patient 
monitoring to optimize patient outcomes. Two noteworthy phase II 
studies have been conducted, each exploring a different chemora-
diotherapy strategy. 

The first study, also known as the sequential or concurrent che-
motherapy and hypofractionated accelerated radiotherapy in inop-
erable stage III NSCLC (SOCCAR) trial, was reported by Maguire et 
al. [17] in 2014 and compared sequential and concurrent chemora-
diotherapy in 127 patients. RT was delivered in a 2.75 Gy/fx up to 
55 Gy/20 fx using 3D-CRT. Although the doses were different be-
tween groups, both groups were treated with cisplatin and vinorel-
bine. The treatment-related mortality rates were 2/68 (2.9%) for 
concurrent and 1/58 (1.7%) for the sequential arms. The rate of 
grade 3–5 serious adverse events in the concurrent arm was lower 
(34% vs. 41%). The incidence of grade 3 and above esophagitis and 
pneumonitis was not different between the groups (concurrent vs. 
sequential), 8.8% vs. 8.5% and 3.1% vs. 5.2%, respectively. No 
grade 4 or 5 events were observed. The incidence of grade 3 or 
above neutropenia was lower in the concurrent arm. The median OS 
for the concurrent and sequential arms was 24.3 and 18.4 months, 
respectively (p = 0.682). The median PFS was 12.9 and 12.1 months, 
respectively (p = 0.463). The RT parameters required in this study 
were lung V20 ≤35% and ≤12 cm esophagus within the PTV. This 
RT regimen of 55 Gy in 20 fx for 4 weeks, either in sequential or 
concurrent chemotherapy settings, demonstrated the safety and ef-
ficacy of a hypofractionated dose schedule commonly used in the 
UK, emphasizing the importance of optimizing RT protocols.  

In contrast, the second phase II trial reported by Ren et al. [18] 
explored a different approach with escalated total and fractional 
doses of RT along with concurrent carboplatin and vinorelbine ad-
ministration. However, owing to exceptionally high toxicity, the 
study was terminated early. The total RT dose was 69 Gy, delivered 
at 3 Gy/fx, once daily, for 5 fx per week. The median GTV and PTV 
were 55.7 cm3 and 261.0 cm3, respectively, which was relatively 
small. Twelve patients were enrolled; however, only seven complet-
ed the treatment protocol. The other five patients could not com-
plete the treatment due to severe radiation esophagitis. One of the 
five patients died. Grade 3 radiation pneumonitis occurred in two 
patients, both of whom developed late lung injury, one grade 2 and 
one grade 3. After early termination, median follow-up time was 
10 months, with 1-year OS and PFS of 78.6% and 58.3%, respec-
tively. According to the results of this study, delivering escalated 
total and fractional doses simultaneously seems unsafe. 

Overall, phase I and II studies collectively support the feasibility 

and potential benefits of HFRT for inoperable stage III NSCLC. Al-
though these studies have provided encouraging results, it is es-
sential to recognize their limitations, including a small number of 
patients, variations in treatment protocols, and potential biases in 
patient selection. 

2. Phase III studies 
The Korean Radiation Oncology Group 09-03 conducted a random-
ized multicenter phase III study comparing conventional fraction-
ated radiotherapy (CFRT) with HFRT in a CCRT setting in patients 
with inoperable stage III NSCLC [19]. The study included 266 pa-
tients, with 124 allocated to the CFRT (arm 1) and 142 allocated to 
the HFRT (arm 2) groups. Arm 1 received CFRT with a total dose of 
60 Gy delivered in 30 fx to the GTV and 44 Gy delivered in 22 fx to 
the PTV. In contrast, arm 2 used the SIB technique, delivering 45 Gy 
to the PTV and 60 Gy to the GTV in 25 fx, with the GTV receiving 
2.4 Gy/fx. Both groups received concurrent weekly cisplatin (20 
mg/m2 intravenously over 1 hour) and paclitaxel (50 mg/m2 intra-
venously over 1 hour). More than 90% of patients in both groups 
completed the planned treatment. 

The treatment outcomes in both groups were comparable. The 
median follow-up period for the surviving patients was 71 months 
(range, 41 to 128 months). The median OS and PFS of all the pa-
tients were 26 and 11 months, respectively. The median OS for arm 
1 was 26 months and that for arm 2 was 27 months. At 2 years, OS 
rates were 50.4% in arm 1 and 50.7% in arm 2. The median PFS for 
arm 1 was 10 months and that for arm 2 was 13 months. The 
2-year PFS rates were 29.3% in arm 1 and 29.7% in arm 2. 

Regarding adverse events, there were no fatal grade 5 hemato-
logic adverse events. The incidence of grade ≥3 neutropenia did 
not significantly differ between the two groups: seven patients 
(5.6%) in arm 1 and 12 patients (8.4%) in arm 2. However, grade 
≥3 radiation esophagitis occurred in 11 patients (8.4%). In arm 1, 
five patients experienced grade 3 esophagitis and two patients had 
grade 4 esophagitis. In arm 2, three cases of grade 3 esophagitis 
occurred, and one fatal grade 5 esophagitis was reported. A total of 
14 patients (10.7%) experienced grade ≥3 radiation pneumonitis, 
with nine patients in arm 1 and five in arm 2. There were nine cas-
es of grade 5 toxicity: six in arm 1 and three in arm 2, with acute 
respiratory distress syndrome in six patients, one case of massive 
hemoptysis, one of aspiration pneumonia, and one bronchial fistu-
la. The rates of grade ≥2 radiation dermatitis were significantly 
lower in the HFRT group (16.9% vs. 7.0%). IMRT was more fre-
quently applied in arm 2, likely because of concerns about the tox-
icity of larger fractions. 

This major randomized study could not confirm the superiority of 
accelerated hypofractionated 2.4 Gy/fx. However, with comparable 
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efficacy and safety, this study supports the use of hypofractionated 
IMRT as a reasonable option for patients with inoperable stage III 
NSCLC undergoing CCRT.  

3. Selective retrospective studies  
Several retrospective studies have evaluated different treatment 
regimens for patients with stage III NSCLC. These studies explored 
various RT techniques and dosing schedules to achieve optimal ef-
ficacy while minimizing treatment-related toxicities. 

In 2022, a retrospective observational study conducted by Van der 
Voort et al. [20] analyzed the outcomes of patients with stage III NS-
CLC. Patients were treated with concurrent platinum doublet chemo-
therapy, and RT was delivered at doses up to 66 Gy in 24 fx. A total 
of 41 patients were analyzed. Among these, 17% was treated with 
3D-CRT and 83% with IMRT. Constraints for the esophagus were as 
follows: Dmax esophagus + 0.5 cm ≤66 Gy and length of esophagus 
in the radiation field <12 cm. However, the Dmax esophagus + 0.5 cm 
was exceeded in 90% of patients, and the length of esophagus in the 
PTV <12 cm was exceeded in 39%. The median follow-up period 
was 4.7 years and the median OS was 19 months with 1-year and 
2-year OS of 66% and 37%, respectively. Grade ≥3 toxicity occurred 
in 21 patients (51.2%). Of these, 16 patients (39%) experienced 
esophageal toxicity. Grade 5 esophageal toxicity occurred in five pa-
tients (12.2%): four cases with esophageal fistula/perforation and 
one due to hemorrhage. All these patients had centrally located 
bulky tumors. Due to the excessive occurrence and severity of esoph-
ageal toxicity, the authors stopped using this regimen. 

Because the incidence and severity of esophageal toxicity are 
major concerns when treating with large fx sizes, Ma et al. [21] in-
vestigated an esophagus-sparing technique using IMRT. This retro-
spective study included 87 patients with stage IIIA-B NSCLC. RT 
was delivered in a median of 26 fx, and the total doses for PTV for 
GTV and PTV for clinical target volume were 65 Gy and 45–50 Gy, 
respectively. The patients were treated with SIB-IMRT and concur-
rent chemotherapy, and were divided into two groups: one with 
and the other without the esophagus-sparing technique. The 
esophagus-sparing technique included (1) a margin of 3 mm was 
added to the esophagus; (2) maximum dose to esophagus <65 Gy 
and V50 <30%; (3) minimum dose to GTV >60 Gy; and (4) image 
guidance with daily cone-beam computed tomography. No grade 4 
or 5 radiation esophagitis was reported in any of the 87 patients. 
Patients in the esophagus-sparing group showed significantly low-
er incidence of grade 3 radiation-induced esophagitis, 4.5% vs. 
30.2%. With a median follow-up of 18 months, the OS (p =  0.301) 
and local recurrence free survival (p =  0.871) were comparable be-
tween the two groups. This study demonstrated the feasibility of 
HFRT using an esophagus-sparing technique without compromis-

ing treatment efficacy. 
Another retrospective study by Kerner et al. [22] assessed the 

outcomes of concurrent gemcitabine and HFRT in 318 patients with 
unresectable stage III NSCLC patients. Hypofractionated accelerated 
radiotherapy (60 Gy) was delivered over 5 weeks using 3D-CRT. Two 
cycles of induction chemotherapy comprising cisplatin and gemcit-
abine were administered. The median OS and PFS were 24.6 and 
15.5 months, respectively. For the 244 patients who completed 
CCRT, the median OS was 26.3 months. Grade ≥3 esophagitis was 
observed in 9.7% with two grade 5 events. One patient had esopha-
geal ulcerative stenosis that led to massive hemorrhage, and the 
other patient developed an esophageal-bronchial fistula after re-
ceiving a stent for esophageal stenosis. Grade ≥3 radiation pneu-
monitis was seen in 3% (10 patients). Among them, three patients 
experienced a grade 5 event. The emergence of grade ≥3 esophagi-
tis and radiation pneumonitis highlighted the significance of bal-
ancing treatment intensity and patient tolerability. 

A retrospective analysis using the same radiotherapy scheme as 
in the SOCCAR trial (55 Gy/20 fx) was published in 2019 by Iqbal et 
al. [23]. One hundred patients were treated at a single institution. 
The 3D-CRT was performed in 73 patients, of whom 27 were treat-
ed with volumetric arc therapy. Cisplatin and vinorelbine were ad-
ministered concurrently during the first and last weeks of RT. Adju-
vant chemotherapy was administered 4 weeks after the completion 
of concurrent therapy. With a median follow-up of 27 months, 
median PFS and OS were 23.4 and 43.4 months, respectively. One-
year PFS and OS were 69% and 81%, and 2-year PFS and OS were 
49% and 58%, respectively. The incidence of grade ≥3 esophagitis 
was 14% and radiation pneumonitis was 4%. These data also 
demonstrate acceptable morbidity and outcomes.  

These retrospective studies shed light on the potential challenges 
associated with HFRT. The incidence and severity of esophageal 
toxicity have emerged as major concerns, particularly in the treat-
ment with large radiation fractions. Strategies, such as esopha-
gus-sparing techniques, image guidance, and dose constraints, may 
help mitigate these toxicities and improve treatment tolerability. 
Although these studies provide valuable information, it is crucial to 
recognize the limitations of retrospective designs and the need for 
further investigations through prospective randomized trials. 

Key Question 2: What Hypofractionation 
Regimen Could Be Used for LA-NSCLC 
Treated with Definitive RT Alone without 
Chemotherapy? 

The number of frail patients who cannot receive concurrent che-
motherapy owing to medical comorbidities is increasing. However, 
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few prospective studies have evaluated radical hypofractionated 
regimens in the setting of RT alone without chemotherapy. In addi-
tion, many retrospective studies included heterogeneous patients 
with stages I–IV, or used varied RT regimens, including hyperfrac-
tionation or mixed modalities with or without chemotherapy, mak-
ing it difficult to draw clear conclusions [24–32]. As mentioned 
previously, stereotactic body radiotherapy (SBRT)-like studies in-
cluding patients with node-negative NSCLC (especially hypofrac-
tionation for a central lesion which is not amendable for SBRT) and 
studies using a palliative dose (<50 Gy) for patients with poor per-
formance status have not been covered in the present review. 

1. Prospective studies 
Sun et al. [33] carried out an early clinical trial between 1994–
1998, in which chemotherapy was refused or deemed unsuitable. 
The experimental arm received 65 Gy/26 fx using concomitant 
boost technique (CBT) to gross disease with a small margin, and 
the control arm received 70.8 Gy/38 fx of conventional treatment 
technique (CTT). No grade 3 lung or esophageal toxicities were ob-
served in the CBT group. The response rates were 69.8% and 48.1% 
for the CBT and CTT patients, respectively. Multivariate analysis 
showed that CBT group (odds ratio [OR] =  3.03, p =  0.022), good 
performance status (OR =  5.33, p <  0.001), and severity of acute 
toxicity (OR =  0.33, p =  0.019) affected the response rate. This 
study demonstrated that CBT is tolerable and produces a superior 
response rate compared to conventional RT in patients not receiv-
ing chemotherapy. 

A more aggressive regimen of 4 Gy/fx using image-guided RT was 
tested in a phase 3 randomized trial [34]. Iyengar et al. [34] reported 
data of 96 patients with Zubrod performance status ≥2, with great-
er than 10% weight loss in the previous 6 months, and/or who were 
ineligible for CCRT. Patients were randomized to receive either HFRT 
(60 Gy/15 fx; n = 50) or conventional RT (60 Gy/30 fx; n = 46). This 
trial was closed early after a planned interim analysis demonstrated 
failure of the survival benefit of HFRT. One-year OS was 37.7% for 
HFRT and 44.6% for conventional RT (p = 0.29). There were also no 
significant differences between the two groups in median OS, PFS, 
time to local recurrence, time to distant metastasis, and toxic ef-
fects of grade ≥3. Although they did not prove the superiority of 
the hypofractionated regimen, they suggested that additional re-
search was required to prove its equivalence. 

2. Selective retrospective studies 
Accelerated RT for patients with poor performance status (PS) is an 
attractive option because it shortens the treatment period and may 
not compromise efficacy; however, few retrospective studies have 
included homogeneous populations. Although the European Soci-

ety for Medical Oncology guidelines mention hypofractionation (66 
Gy/24 fx) as an option for patients receiving sequential chemother-
apy and RT, or RT alone [35], high-level clinical evidence to support 
this recommendation is lacking. 

Ghosal et al. [36] reported their experience with 222 patients 
treated with 52.5–55 Gy/20 fx which is the most commonly used 
schedule in the UK. With a median follow-up of 61.6 months, me-
dian OS was 28.6 months including stages I, II, and III in 28%, 
18%, and 53% of cases, respectively. They believed that the in-
creasing evidence supporting this regimen, with survival outcomes 
comparable to historical results, was sufficient to support its future 
application in inoperable NSCLC. 

Iocolano et al. [37] performed an analysis using the National 
Cancer Database to evaluate the practice patterns and outcomes 
of HFRT (50–80 Gy in 2.25–4 Gy/fx, median 58.5 Gy in 2.5 Gy/fx) 
vs. CFRT (60–80 Gy in 1.8–2 Gy/fx, median 66 Gy in 2 Gy/fx) in 
United States patients with stage III NSCLC undergoing definitive 
RT alone. HFRT use was associated with older age, lower BED, aca-
demic facility type, higher T stage, and lower N stage. In the uni-
variate analysis, HFRT was associated with inferior OS (median 9.9 
vs. 11.1 months; p <  0.001), but it was no longer significant after 
adjusting for covariates. The authors suggest that HFRT could be an 
option for patients with LA-NSCLC who are not candidates for 
chemotherapy or surgical resection. 

Using a national-level database, Brada et al. [38] analyzed 
12,898 cases treated with radical RT from the Public Health En-
gland dataset and showed inferior outcomes with HFRT (55 Gy/20 
fx) compared to CFRT (OS: 25 months vs. 28–29 months), unfortu-
nately without details about concurrent chemotherapy due to the 
limitations of the database. Interestingly, the authors highlighted 
that even if the suboptimal results of HFRT are acknowledged, it 
can still be a reasonable option in specific situations. This is partic-
ularly true when the need for frequent visits is sufficiently burden-
some to warrant a shorter treatment duration. Additionally, HFRT 
may be preferred when the potential risks associated with daily 
visits are deemed too significant, such as during a pandemic. 

In the absence of robust evidences, KOSRO Practice Guidelines 
Committee cannot recommend HFRT as routinely applicable sched-
ules for patients with LA-NSCLC treated definitive RT with or with-
out chemotherapy. However, it may be considered for selected pa-
tients according to the current review of the literature. The encour-
aging results of several studies was noted but the usefulness of 
HFRT should be further investigated in the future. 

Conclusion 

Although conventional dose/fractionation remains the standard of 
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care, the choice of a hypofractionated regimen has been decided in 
many clinical situations irrespective of the combination of chemo-
therapy in patients with LA-NSCLC. As there is still a lack of 
high-level evidence, further prospective trials are needed to evalu-
ate the toxicity and tumor control. The application of HFRT has 
both advantages and disadvantages, and decision on use should 
follow discussion between the patient and doctor. 

In summary, HFRT, particularly when combined with concurrent 
chemotherapy, has shown promising results in the treatment of 
LA-NSCLC. The reviewed data support the feasibility, comparable 
efficacy, and potential to improve treatment tolerability. Continued 
research and clinical trials are essential to refine treatment strate-
gies, identify optimal patient selection criteria, and enhance thera-
peutic outcomes. 
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