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Abstract: Purpose: For inoperable locally advanced non-small cell lung cancer (LA-NSCLC), the efficacy of hypo-
fractionated radiotherapy (Hypo-RT) has not been clearly established. The present meta-analysis was performed 
to estimate the effect of Hypo-RT on survival outcomes and toxicity in inoperable locally advanced non-small cell 
lung cancer. Material and methods: We performed a meta-analysis of patients with LA-NSCLC using Hypo-RT versus 
conventional RT, with the endpoints studied being overall survival (OS), progression-free survival (PFS), locoregional 
failure, distant failure and toxicity. Results: Data from six trials with 1211 patients were extracted. There were no 
significant differences in overall survival (HR 0.97; 95% CI, 0.86-1.10; P=0.64), progression-free survival (HR 1.03; 
95% CI, 0.85 to 1.25; P=0.76), locoregional failure (HR 1.12; 95% CI, 0.83 to 1.49; P=0.46) or distant failure (HR 
1.02; 95% CI, 0.73 to 1.43; P=0.92). Hypo-RT significantly reduced the risk of esophagitis toxicity from 13% to 24% 
(OR 0.32; 95% CI, 0.19 to 0.54; P < 0.0001) and reduced the risk of pneumonitis toxicity by 2% (OR 0.58; 95% CI, 
0.34 to 0.99; P=0.05). Conclusion: Hypo-RT was not inferior to conventional RT in patients who had inoperable LA-
NSCLC. With advanced technologies, it reduced the occurrence of toxicity. It is also convenient and safe. However, 
there was no evidence that this treatment improved the survival rate or decreased treatment failure.

Keywords: Locally advanced non-small cell lung cancer (LA-NSCLC), hypofractionated radiotherapy (Hypo-RT), 
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Introduction

Lung cancer is one of the most malignant 
tumors with the highest lethality worldwide [1]. 
More than 80% of lung cancers are non-small-
cell lung cancers, of which one third are locally 
advance [2]. For inoperable locally advanced 
non-small-cell lung cancer (LA-NSCLC), radio-
therapy alone or radiotherapy combined with 
chemotherapy is the main treatment regimen, 
and according to the RTOG 7,301 trial, conven-
tional radiotherapy uses fractionated radiation 
doses of 60 to 66 Gy and 2 Gy per fraction [3]. 
However, the therapeutic effect is disappoint-
ing: the 5-year overall survival (OS) rate is only 
13% to 16% [4].

To improve the overall survival and local control 
of LA-NSCLC, several trials have been conduct-
ed with dose escalations and have reported 
promising results [5-7]. However, the RTOG 

0617 trial suggested that patients who receiv- 
ed higher doses showed worse survival rates, 
with a median survival time of only 28 months 
[8, 9]. Extension of treatment time contributes 
to these negative results due to the accelerat-
ed repopulation of cancer cells [10]. 

Hyperfractionated and Hypo-RT were devel-
oped to shorten the overall treatment time 
(OTT) while delivering a sufficient biologically 
effective dose (BED). Hyperfractionated RT 
(Hyper-RT) delivers a treatment two or more 
times per day with a reduced dose per fraction. 
A significant survival benefit has been observed 
with Hyper-RT compared to conventional RT 
[11], but there are still several obstacles to its 
widespread use, including increased dose sc- 
hedules and complicated logistics, as well as 
appropriate use of chemotherapy between the 
treatments. Hypo-RT delivers a higher dose of 
radiotherapy per fraction with only one dose 
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carcinoma)” and “(hypofractionated RT) AND 
(non-small-cell lung cancer)” on PubMed, and 
published trials were included without langu- 
age limitations. Each paper was carefully 
reviewed to prevent any data duplication.

Selection criteria and search strategy

Patients were eligible if they had locally ad- 
vanced non-small-cell lung cancer and were 
not candidates for surgery, needing to receive 
radiotherapy instead. The studies also had to 
compare Hypo-RT (> 2 Gy per fraction, once 
daily) with conventional radiotherapy (1.8 to 2 
Gy per fraction, 5 days per week). Patients who 
received concurrent chemotherapy (CT) were 
included. 

Individual patient data

Data extraction was conducted for the items  
of gender, age, performance status, histology, 
tumor stage, number of patients, inclusion peri-
od, median follow-up, data on 1-, 2- and 3-year 
survival rates, PFS, local and distant failure, 
chemotherapy schedules and related toxicities 

per day. In recent years, Hypo-RT has been 
used in breast cancer and prostate cancer and 
has received considerable attention from clini-
cians and investigators [12, 13]. Although con-
cerns exist about the severe side effects of 
Hypo-RT on lung tissue and the chest wall, the 
treatment holds promise because of the small-
er number of fractions needed, the lower over-
all cost of treatment, and increased patient 
compliance, especially in busy radiation treat-
ment centers. Furthermore, in the UK, Hypo-RT 
of 2.5 Gy per fraction has been the most wide-
spread fractionation regimen for LA-NSCLC 
[14].

The present meta-analysis was performed to 
estimate the effect of Hypo-RT compared to 
conventional RT on survival outcomes and 
toxicity.

Materials and methods

Literature search strategy

A search was conducted with the index words 
“(radiotherapy dose) AND (non-small-cell lung 

Figure 1. Flowchart of the selection 
of trials for inoperable, locally ad-
vanced non-small cell lung cancer.
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Table 1. Descriptions of included trials

Trial No. Of 
patients

Inclusion 
Period

Median Follow-
up (months)

RT Total  
Dose (Gy)

Dose per 
fractions (Gy)

Duration
(weeks)

BED (Gy) 
(Exp/St) CT Patient characteristics

Steffen Appold 1999 [20] 298 1985-1994 NR Experimental: 25
Standard: 60

5
2 

1-2
6

37.5
72

NR Stage III A, III B

LINH N. N GUYEN, M.D. 1999 [21] 55 1990-1994 13.5 Experimental: 45
Standard: 60-66

3
2

3
6-6.5

58.5
72-79.2

NR Stage II A, II B, III A, III B

Stein Sundstrøm 2004 [22] 421 1993-1998 36 Experimental: 17
Experimental: 42
Standard: 50

8.5
2.8
2

1-2
3
5

31.45
53.76

60

Seven patients received palliative 
chemotherapy within 4 months

Stage III A, III B

Arya Amini 2012 [23] 300 1993-2009 NR Experimental: 45
Standard: 60

3
2

3
6

58.5
72

Not mentioned KPS 60-90, Stage III A, III B

Zheng-Fei Zhu, M.D. 2014 [24] 68 2006-2008 20 Experimental: 50
Standard: 60

2.5
2

4
6

83.7
76.4

*vinorelbine + cisplatin
docetaxel + cisplatin

Age ≥ 18, KPS ≥ 70, Stage III A, III B

Jian He 2016 [25] 69 2011-2013 26.4 Experimental: 60
Standard: 60

3
2

4
6

78
72

+All patients received platinum-
based CT

Age ≥ 18, PS 0-2, Weight loss < 10%

Abbreviations: RT, radiotherapy; BED, biologically effective dose; Exp, experimental CT; St, Standard; CT, Chemotherapy (unless otherwise specified, chemotherapy is concurrent with radiotherapy); KPS, Karnofsky performance status; NR, Not 
reported. *Experimental group: a maximum of 4 cycles of CT with vinorelbine 25 mg/m2 on days 1 and 8 + cisplatin 25 mg/m2 on days 1, 2, and 3; cycles were repeated in 21-day intervals. +Standard group: docetaxel (20 mg/m2) + cisplatin (20 
mg/m2) weekly for 6 weeks; Consolidation regimen: docetaxel (35 mg/m2) + cisplatin (35 mg/m2), both on days 1 and 8, which was repeated every 3 weeks. 
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pected number of events and the related vari-
ance was used to estimate the individual and 
pooled risk ratios (RRs) and 95% CIs [17]. The 
toxicity between groups was calculated using a 
fixed-effects model with odds ratios (ORs). χ2 
heterogeneity tests [18] were used to measure 
the heterogeneity among trials, and I2 ≤ 50% 
was considered eligible. The survival and abso-
lute benefits were calculated via Peto’s curves 
using annual death rates and ORs. We also 
analyzed the effect on patients who received 
chemotherapy.

The biologically effective dose (BED) that had a 
significant value in terms of overall survival and 
toxicity was calculated to compare the dose 
fractionation regimens and to adjust the overall 
treatment times as well as the time factors for 
related toxicity [19]. The Cox model was applied 
during the analysis.

All P values were two-sided. Analyses were per-
formed using SAS software version 9.1 (SAS 
Institute, Cary, NC).

Results

Description of trials

The different steps of the trial selection are pre-
sented in Figure 1. Six trials were identified and 
are shown in Table 1. Data were available for all 
trials. Chemotherapy (CT) was given concur-
rently with RT in two trials. Vinorelbine and cis-
platin were given in the experimental group, 
while docetaxel and cisplatin were given in the 
standard group in both trials [24, 25]. In one 

(particularly esophagitis and pneumonitis). Re- 
cent follow-up information was acquired to 
maintain balance between both arms. The data 
were strictly censored in cases of missing data 
and contradictions to standard measures. 
Queries were raised and solved by professional 
statisticians and investigators.

Statistical analysis

The endpoints in the meta-analysis were over-
all survival (OS), progression-free survival (PFS), 
locoregional failure, distant failure and toxicity. 
OS was defined as the time from random 
assignment to death or the end of follow-up. 
Progression-free survival was defined as the 
time from observation to the first event or to 
the end of follow-up for patients without pro-
gression. Time to locoregional failure was 
defined as the time from randomization to the 
time of the first event of local failure. When dis-
tant failure occurred before local failure, it was 
considered distant failure. Furthermore, pati- 
ents with simultaneous locoregional and dis-
tant failures were included in distant failure 
analysis only. Toxicity was graded according to 
the WHO criteria or the Radiation Therapy 
Oncology Group/European Organization for 
Research and Treatment of Cancer (RTOG/
EORTC) criteria depending on the trial [15, 16]. 
Toxicity for grade ≥ 2 was achieved in this 
research. Data regarding treatment response 
were not included for analysis because of insuf-
ficient information.

The analyses were stratified by trials. A fixed-
effects model with log-rank observed and ex- 

Table 2. Patient characteristics

Characteristics
Hypofractionated RT (n=561) Standard RT (n=610)

No. % No. %
Male sex 385 55 381 62.5
Median age, years 67.2 (36-100) 66.8 (32-95)
Performance status (KPS) ≥ 70 439 62.7 519 85.1

< 70 79 11.3 38 6.2
Histology Squamous carcinoma 173 24.7 163 26.7

Adenocarcinoma 126 18 118 19.3
Others 87 12.4 66 10.8

Tumor Stage II A 8 1.1 2 0.3
II B 0 0 1 0.2
III A 202 36.0 257 42.1
III B 298 53.1 232 38.0

NOTE: Percentage values are unknown.
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radiotherapy (15.23%) (Figure 3A). There were 
no significant differences in the risk of death 
(HR 0.97; 95% CI, 0.86-1.10; P=0.64; Figure 
2A), or in the heterogeneity of the effect of 
treatment between the trials (heterogeneity 
test, P=0.97, I2=0%).

Progression-free survival 

Analysis of PFS was based on 805 patients and 
694 events. The HR was 1.03 (95% CI, 0.85 to 
1.25; P=0.76; Figure 2B). Similar to OS, PFS in 
the Hypo-RT group was lower than that associ-
ated with standard radiotherapy (18.72% vs 
23.2%) at 2 years, but an absolute increase of 
3.4% at 3 years was observed with Hypo-RT. 
There was no evidence of heterogeneity in the 
effect of treatment between the trials (hetero-
geneity test, P=0.79, I2=0%).

trial, patients received CT, but the agents were 
not defined [22]. 

A total of 65% of patients were male, and the 
average age was 67.2 years in the hypofraction-
ated group and 66.8 years in standard group. 
The studies were divided into two groups bas- 
ed on Karnofsky performance status (KPS): 
KPS ≥ 70 (82%) and < 70 (10%) (one trial did 
not report the KPS information [20]. Most 
patients (more than 98%) had stage III cancer. 
The patients’ characteristics were well bal-
anced between the two groups (Table 2). 

Overall survival

Overall survival results were based on six trials 
with 1,211 patients and 1,070 deaths. The sur-
vival rate in the Hypo-RT group was 9.01% at 3 
years, which was lower than that for standard 

Figure 2. Forest plots of the meta-analysis on hypofractionated RT versus conventional RT. A. Overall survival; B. 
Progression-free survival; C. Local failure; D. Distant failure; E. Toxicity of esophagitis; F. Toxicity of pneumonitis. The 
center of each blue square shows the HR for each trial, and the horizontal line represents its 95% CI; the size of the 
square is proportional to the amount of information from the trial. The black diamond represents the pooled HRs. 
We use the fixed-effect model. RT, radiation therapy; O-E, Observed-expected.
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monitis, respectively, compared to convention-
al radiotherapy. These decreases are likely due 
to the shortened duration of radiotherapy and 
the use of advanced technologies. We found no 
differences in overall survival, progression-free 
survival, local failure or distant failure between 
the two groups, confirming that Hypo-RT is not 
inferior to conventional RT. 

A significant increase in the survival rate of lung 
cancer associated with Hyper-RT has been 

Locoregional and distant failure

Both locoregional and distant progression anal-
yses were based on 3 trials [21, 23, 24] with 
423 patients total. There was no evidence that 
Hypo-RT influenced locoregional failure (192 
events, HR 1.12; 95% CI, 0.83 to 1.49; P=0.46) 
or distant failure (137 events, HR 1.02; 95% CI, 
0.73 to 1.43; P=0.92, Figure 2B and 2C). For 
these two end points, no evidence of heteroge-
neity was observed (I2=0%). 

Figure 3. Survival curves for the non-small-cell lung cancer trials: A. Overall 
survival; B. Progression-free survival; “Research Arm” indicates the Hypo-RT 
group; “Control Arm” indicates the conventional RT group.

Toxicity 

Data were available for 529 
patients (89%) with esophagi-
tis and pneumonitis toxicity. 
Hypo-RT decreased the risk of 
esophagitis toxicity from 24% 
to 13% (data not shown) (OR 
0.32; 95% CI, 0.19 to 0.54; P 
< 0.0001). However, obvious 
heterogeneity was observed 
between the arms (I2=90%). 

On the other hand, there was 
a significant benefit in terms 
of pneumonitis toxicity (OR 
0.58; 95% CI, 0.34 to 0.99; 
P=0.05), with a 2% benefit 
(data not shown), and no evi-
dence of heterogeneity was 
observed (I2=28%). Overall, 
Hypo-RT significantly reduced 
the risk of esophagitis and 
pneumonitis toxicity. Severe 
hematologic toxicity was re- 
ported in trials with CT [24, 
25], which principally influ-
enced overall results. A com-
parison of other toxicities 
between the two arms was 
not performed because of 
insufficient data.

Discussion

This meta-analysis extracted 
data from six trials with 1,211 
patients total who had locally 
advanced non-small cell lung 
cancer. The results suggested 
that Hypo-RT led to significant 
relative decreases of 11% and 
2% in esophagitis and pneu-
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have indicated the importance of shortening 
the treatment duration to prevent cell repopula-
tion [27]. Furthermore, the use of advanced 
technologies such as image-guided RT, intensi-
ty-modulated RT, helical tomotherapy, positron 
emission tomography, and dose-guided RT may 
contribute to the accuracy of RT delivery and 
avoid severe adverse effects on the lung and 
esophagus [25, 28-30]. Comparisons with 
other related toxicities, such as dysphagia, der-
matitis, nausea/vomiting, anorexia, fatigue and 
hematological effects, were not performed due 
to insufficient data. High heterogeneity in com-
paring esophagitis between the two groups 
was observed, and this may be secondary to 
the tendency to use Hypo-RT as a palliative 
therapy for patients.

Some limitations in this meta-analysis should 
be considered. First, most of the included trials 
had relatively small sample sizes that made the 
results lack robust statistical power. Small tri-
als may more easily lead to overestimates of 
efficacy than larger trials. Therefore, our con-
clusion should be considered with caution. 
Second, several differences in patient charac-
teristics between the groups existed, including 
Karnofsky performance status (KPS), tumor 
histology, and chemotherapy regimens. These 
elements may increase heterogeneity or result 
in an inaccurate result, similar to the result on 
esophagitis despite the positive outcome. 
Third, there were some limitations regarding 
the data collection, such as insufficient infor-
mation on the relationship between deaths and 
patient characteristics. Several reports have 
described improved prognostic effects of per-
formance status and weight loss in lung cancer 
[31], which could not be presented in this study. 
Similarly, the toxicity endpoints were reported 
differently in each trial; thus, we could only 
extract information on esophagitis and pneu-
monitis. Despite these limitations, our results 
showed that Hypo-RT is an acceptable treat-
ment option for patients who have LA-NSCLC. 
Hypo-RT with advanced technologies reduced 
the occurrence of toxicity. Further randomized 
studies are needed to judge whether the use of 
Hypo-RT for inoperable LA-NSCLC improves 
survival and local control compared to conven-
tional RT. 
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reported [11], but Hypo-RT showed no positive 
results in terms of survival outcome. In fact, the 
survival rate of the Hypo-RT group was lower 
than that of the standard group after three 
years (Figure 3A), and PFS prior to 31 months 
was also lower (Figure 3B). Several possible 
explanations exist for these results of our 
exploratory analysis. The sample size was lim-
ited (1211 patients for OS, 805 patients for 
PFS), following-up with patients is exceedingly 
difficult (especially for trials performed in early 
1990s), data are often lost in retrospective 
analyses, there is a tendency to treat patients 
with poor PS, and the mortality of lung cancer is 
very high. 

A dominating challenge in lung cancer is that 
local failure remains uncontrolled. A previous 
meta-analysis of hyper-RT supported the con-
clusion that more aggressive radiotherapy is 
associated with improvements, which was dis-
cussed in the findings of many trials included in 
that study [11]. An absolute survival benefit of 
4.5% at 5 years secondary to decreased local 
failure was reported in a study comparing con-
current and sequential chemoradiotherapy in 
patients with LA-NSCLC [26], but a similar 
result was not found in this meta-analysis. 
Furthermore, the low statistical power (only 
421 patients), the ambiguity of the definition of 
failure and the occurrence of distant failure 
that may have exceeded local failure could be 
additional explanations for the poor survival 
outcomes observed in this study.

We calculated the biologically effective dose 
(BED) of each radiation regimen to compare the 
effects of the treatments. A previous study  
suggested an absolute benefit of 5.1% for 
3-year survival using a BED ≥ 55 Gy [11]. This 
observation may account for the poor survival 
outcomes in some Hypo-RT arms that used a 
lower BED and were included in the present 
meta-analysis. 

Based on this meta-analysis, the application of 
Hypo-RT leads to significant relative decreases 
of 11% and 2% in esophagitis and pneumonitis 
toxicity, respectively, in patients with LA-NSCLC. 
This result may be incredible because of previ-
ous work showing that toxicity is more severe 
using aggressive RT. However, the efficacy of 
RT, especially for late toxicity, was associated 
not only with total radiation dose but also with 
radiation treatment duration. Many studies 
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