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Introduction

Lung cancer is responsible for more deaths in the European 
Union than any other cancer (1). Radiotherapy (RT) plays 
a major role in the management of lung cancer. Based on 
the best available evidence, the proportion of lung cancer 
patients for whom RT is indicated is estimated to be 76% (2).  
Despite improving over the years, the survival rate for 
lung cancer is still very low, with a 5-year survival rate of 
approximately 20% (3). Thus, a question has arisen regarding 
how the therapeutic ratio of RT in the management of lung 
cancer can be increased. 

 The combination of RT with concomitant chemotherapy 
(CHT) can improve the treatment outcome for patients 

with locally advanced non-small cell lung cancer (NSCLC) 
by increasing local control, leading to a subsequent increase 
in overall survival (4,5). Efforts to further increase the effect 
of RT when given concurrently with CHT or as a sole 
treatment modality are justified. Such an increase may be 
achieved by escalating the dose of radiation. However, in 
concomitant RT-CHT, giving a higher dose of 74 Gy in 37 
fractions was found to be detrimental for overall survival 
and local control compared with the standard 60 Gy in 
30 fractions (6). The counterintuitive harmful effects of 
the higher radiation dose on the outcome in NSCLC may 
be attributed to several factors, including cardiac deaths, 
inaccurate planning, and the prolongation of treatment 
time in the 74 Gy group (7). Prolonging the total duration 
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of RT, even during RT-CHT, may be detrimental because 
of the accelerative effect it has on tumor repopulation (8).  
Treatment acceleration may overcome the effects of 
prolonged treatment time associated with reduced 
treatment intensity. Such acceleration can be obtained via 
hyperfractionation (i.e., treatment with a fractional dose 
below 1.8 Gy given in more than 1 fraction per day), or by 
hypofractionation (i.e., treatment given with fractional doses 
higher than 2.2 Gy/fraction). There is evidence to suggest 
that a very high dose per fraction given using stereotactic 
techniques, so-called stereotactic body radiation therapy 
(SBRT), improves the treatment outcome in the early 
stages of peripherally located NSCLC (9). However, the 
administration of high doses per fraction may be harmful in 
the management of central tumors, resulting in a damage to 
late-responding tissues of great vessels, bronchi, heart, and 
esophagus. The issues of modified fractionation and total 
dose escalation will be discussed in the current review.

Radiobiological background

The tumor tissue response to fractionated RT, administered 
in daily fractions of ~2 Gy, can be explained by the 5 Rs 
of radiobiology: reoxygenation of hypoxic tumor cells, 
repair of sublethal cellular damage, redistribution of cells 
within the cell cycle, repopulation of cells after irradiation, 
and the intrinsic radiosensitivity of the tumor clonogens 
(10,11). These five factors can work in opposite directions, 
depending on the tumor characteristics and the manner 
in which the RT is delivered. When tumors are treated 
with conventional fractionated radiation with a small dose 
per fraction, proportions of hypoxic (and consequently, 
radioresistant) cells are reoxygenated during the interval 
between fractions and regain radiosensitivity; this is the 
major benefit of multifractionated RT. Another benefit 
is that it facilitates the increase in overall cell kill by 
redistribution of the resistant survivors that were left 
behind after the selective killing of the most radiosensitive 
tumor cells in the cell cycle into more radiosensitive phases, 
prior to the administration of subsequent doses. On the 
other hand, when tumors are treated with conventional 
fractionated irradiation, the number of tumor cells that 
must be sterilized increases, as repair and repopulation 
produce increased cell survival: by allowing for the repair 
of sub-lethal damage in irradiated cells after individual 
radiation doses and by allowing proliferation to occur 
between radiation doses. However, the same two processes 
that result in a lower tumor cell kill rate carry the major 

advantage of restoring normal tissues. Intrinsic cellular 
radiosensitivity accounts for the different levels of tolerance 
of tissues to fractionated irradiation.

Modified fractionation

Altered fractionation schedules used in clinical practice are 
based on the manipulation of the aforementioned processes 
so as to maximize tumor cell kill while avoiding toxicity in 
normal tissue, particularly in late-responding tissues. The 
goal of hyperfractionation (i.e., using a reduced dose per 
fraction over a conventional overall treatment time with 
multiple fractions per day), is to increase the therapeutic 
differential between the tumor and late-responding normal 
tissues, as owing to a greater capacity for sublethal injury 
repair, late-responding tissues are spared by reducing the 
dose per fraction, while the dose per fraction has only a small 
effect on tumor control (12). During a course of RT, the 
proliferation of the surviving cells could lead to repopulation 
of the tumor and, consequently, to local failure (13);  
however, the reduced overall treatment time achieved by 
the use of accelerated schedules of RT may overcome this 
adverse outcome in tumors which exhibit rapid proliferation, 
including NSCLC (14). Accelerated hyperfractionated 
regimens were designed to combine both a shortening of the 
overall treatment time and a reduction in dose per fraction 
in an effort to gain a therapeutic benefit (i.e., limiting the 
repopulation of tumor clonogens while sparing late normal 
tissue morbidity). However, in both accelerated RT and in 
hyperfractionation, the dose per week is increased compared 
with conventional fractionation. Together with a shorter 
overall treatment time, this is expected to produce an 
increase in early normal tissue damage. 

 If the possible morbidity of the irradiated normal tissues 
is considered, hypofractionation (i.e., the use of doses per 
fraction higher than 2 Gy) seems to have no radiobiological 
benefit compared with standard fractionation, because 
of the increased dose per fraction for late-responding 
tissues and shortened overall treatment time for early-
responding tissues. To reduce the risk of damage to late-
responding normal tissues, a decrease in total dose is 
needed, which could potentially lead to a reduction in 
tumor control probability. However, the shorter overall 
treatment time may compensate for this negative effect, 
and hypofractionation may be used as a convenient way 
of accelerating treatment. Moreover, advances in image 
guidance and improved treatment planning can offer more 
precise delivery of large doses to tumors with reduced 
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margins and high gradients outside the target, thereby 
minimizing doses to relatively large volumes of surrounding 
normal tissues. Thus, moderate hypofractionation with 
doses per fraction within the range of 2.25 to 3.5 Gy 
is routinely and successfully used for curative radiation 
therapy for NSCLC in many centers worldwide (15-17). 

SBRT

While fractionation represents a method for improving 
the therapeutic ratio between the effects of radiation on 
tumor cells and on normal tissues, as demonstrated via the 
linear-quadratic (LQ) model of cell killing, it is difficult to 
comprehend why single-dose radiation therapy should even 
be considered. The current success of the hypofractionated 
SBRT regimens for NSCLC RT shows that, clinically, 
the LQ model underestimates tumor control observed 
at radiosurgical doses and that large doses per fraction 
produce greater antitumor efficacy than those predicted 
by classic radiobiology, or the 5 Rs. This has raised the 
question as to whether classic radiobiological modeling, and 
the LQ model, are appropriate for large doses per fraction. 
For such large doses, within the range of 10–20 Gy, tumor 
response may result from mechanisms other than tumor cell 
killing, for which the LQ model might not apply (18-20).  
Several studies have suggested that there might be other 
tumoricidal effects, different from the mechanisms of 
tumor killing of conventionally fractionated RT, such as 
enhancement of systemic antitumor immunity (21), acid 
sphingomyelinase-dependent rapid endothelial apoptosis 
followed by death of cells that appeared to be intact (22), 
or indirect/necrotic tumor cell death due to vascular (23) 
or other stromal damage. Any of these nonstandard “new 
biology” effects (24), could make SBRT more effective 
than would be expected based on clinical experience with 
fractionated irradiation. Nonetheless, such effects should 
be considered theoretical, while the higher tumor control 
probabilities (TCPs) achieved with SBRT for NSCLC can 
be explained by the much higher biological effective doses 
(BEDs) delivered to the tumors (25,26), which is entirely 
consistent with the predictions of the LQ model (25,27). 
Although several alternative “high dose” models have been 
developed to describe a deviation from the typical LQ shape 
of the cell survival curve that is observed beyond a certain 
threshold dose—such as the universal survival curve (USC) 
model (18), the generalized LQ model (19), and the linear-
quadratic-linear (LQ-L) model (20)—there is insufficient 
clinical evidence that the LQ needs to be modified or 

replaced at high doses (25,27,28). The published clinical 
local control data is consistent with this model being 
reasonably predictive of in vitro and in vivo normal tissue 
dose-response relations in the dose per fraction range from 
small (<2 Gy) to very large (18–20 Gy) fraction sizes (25,29). 
However, both preclinical data and modeling studies show 
that tumor hypoxia is more of a detrimental factor for 
single-dose treatments than for fractionated irradiation; 
this was confirmed for NSCLC, in which SBRT-like 3- 
to 5-fractions hypofractionated schedules were suggested 
to be optimal for hypoxic tumors, despite the increased 
risk of intra-fraction repair due to a synergistic effect with 
inter-fraction reoxygenation (30). For the same BED, 
tumor control was significantly lower with single doses 
than with fractionated irradiation, consistently with the 
predicted loss of tumor response attributed to the tumor 
hypoxia (25). Therefore, the high cure rates of NSCLC 
achieved with SBRT result mainly from the fact that this 
technique provides dose distribution that makes it possible 
to prescribe BEDs of 100 Gy or more. For early-stage 
NSCLC patients undergoing 3D-CRT and SBRT, local 
control data shows that regardless of fractionation, higher 
TCPs are obtained by delivering higher tumor BEDs (26). 
Notably, it has been demonstrated that highly conformal 
dose delivery combined with quasi-parallel normal tissue 
behavior enables “safe” SBRT for NSCLC (29). When the 
tumor volume is considerably small, resulting in a reduced 
volume of uninvolved lung covered by the treatment fields, 
large fractions can be safely delivered, as, due to relatively 
small target volumes, there is a “win-win” combination of 
critical normal tissue sparing and the “parallel” behavior of 
the principal complication, radiation pneumonitis (29).

Clinical data

Hyperfractionation

In two randomized trials on NSCLC that compared 
hyperfractionation with conventional fractionation using 
the identical total dose over the same overall treatment 
time, no survival advantage was observed (31,32). One of 
these trials included only 110 stage III NSCLC patients and 
compared 60 Gy in 30 fractions with hyperfractionated RT 
60 Gy in 40 fractions of 1.5 Gy twice daily (b.i.d.) with a 
2-week break after the initial 30 Gy. Despite no statistically 
significant difference in survival existing in the entire 
cohort, the authors suggested that such a difference was 
likely to be demonstrated with larger groups (31). However, 
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this was not confirmed in a very similar but sufficiently 
powered study on 234 patients that compared 60 Gy in 30 
fractions with 60 Gy in 40 fractions b.i.d. with a 2-week 
break after the initial 30 Gy and concomitant chemotherapy 
(cisplatin and etoposide) in both arms. Hyperfractionated 
RT was not determined to be superior to conventional RT 
in terms of survival, local control, or toxicity (32). 

 Accelerated hyperfractionated RT by shortening the 
overall treatment time aims to improve the treatment 
outcome by reducing tumor cell repopulation during RT. 
However, the results of respective trials that compared 
accelerated hyperfractionated RT with conventionally 
fractionated RT were contradictory. The Intergroup 
(RTOG 8808) phase III study on 458 patients with 
unresectable stage II/III NSCLC compared 69.6 Gy in 
1.2 Gy per fraction b.i.d. with standard RT of 60 Gy in 
30 fractions alone and the same schedule of standard RT 
preceded by two cycles of cisplatin + vinblastine. The 
treatment time of about 6 weeks was similar for standard 
RT and accelerated hyperfractionated RT; however, by 
giving two fractions per day, the BED corrected for the 
overall treatment time was higher in the experimental arm, 
61.9 vs. 55.5 Gy, for b.i.d. RT and standard RT, respectively. 
The overall survival of the patients who received sequential 
CHT-RT was statistically superior vs. the other two arms of 
the study. The twice-daily RT arm, although better, was not 
statistically superior in survival than the standard radiation 
arm. Median overall survival for standard RT alone was 
11.4 months; for CHT and standard RT, 13.2 months; and 
for hyperfractionated RT, 12 months (33). The CHART 
trial (continuous, hyperfractionated, accelerated RT), 
which compared a very accelerated RT regimen of 54 Gy 
in 36 fractions of 1.5 Gy 3 times per day on 12 consecutive 
days with conventional RT (60 Gy in 30 fractions in  
6 weeks), produced opposing results. A total of 563 patients 
with stage I–III unresectable NSCLC were included. It 
was demonstrated that CHART provides the benefits of 
a 22% reduction in the relative risk of death and a 21% 
reduction in the relative risk of local progression (P=0.033) 
in comparison with the conventional RT arm. The 2-year 
overall survival was 29% and 20%, in the CHART and 
control arm, respectively (P=0.008) (34). However, this 
survival benefit of RT accelerated by hyperfractionation 
was not confirmed by other studies. The CHARTWEL 
trial (CHART weekend less) compared conventional RT 
(66 Gy in 33 fractions over 6.5 weeks) with 60 Gy in 40 
fractions (treatment 3 times a day excluding weekend days 
over 2.5 weeks). The use of neoadjuvant CHT was left at 

the discretion of the participating centers. There was no 
survival benefit with the use of this very accelerated form 
of RT (35). Unfortunately, the ECOG 2597 trial, in which 
stage III patients were randomized to conventional RT 
64 Gy (2 Gy/fraction) vs. hyperfractionated accelerated 
RT (HART), 57.6 Gy (1.5 Gy b.i.d. interdigitated with 
a third daily fraction of 1.8 Gy encompassing only gross 
disease, for an overall treatment time of 2.5 weeks) after 
two cycles of neoadjuvant CHT (paclitaxel and carboplatin) 
was closed prematurely after inclusion of 141 patients. 
The median survival was 20.3 and 14.9 months for HART 
and conventional RT, respectively (P=0.28) (36). Since the 
advent of evidence regarding the superiority of concomitant 
RT-CHT over RT alone for stage III NSCLC, the interest 
in researching hyperfractionated RT has been decreasing. 
To assess the value of hyperfractionated accelerated RT 
in NSCLC, an individual patient data meta-analysis of 
randomized trials comparing modified RT schedules 
with conventional RT was performed (37). Ten trials 
involving 2000 NSCLC patients were included. Six of 
these 10 trials tested hyperfractionated accelerated RT 
against conventionally fractionated RT (33-36), and 2 
trials tested hyperfractionation without dose escalation 
given over identical overall treatment time as conventional 
RT (31,32) .  In addit ion,  a  tr ia l  with accelerated 
conventionally fractionated RT (60 Gy in 30 fractions in 
3 weeks) vs. conventional RT (60 Gy in 30 fractions in  
6 weeks) with or without concurrent carboplatin (38) was 
included. The meta-analysis concluded that modified 
fractionation schedules (hyperfractionated accelerated, 
hyperfractionated without acceleration, and accelerated 
conventionally fractionated) improved overall survival 
compared to conventional schedules of RT, resulting in 
an absolute benefit of 2.5% at 5 years (hazard ratio: 0.88, 
95% CI: 0.80–0.98, P=0.009). The use of modified RT 
schedules increased acute esophageal toxicity, P<0.001 (37).  
Although no evidence of heterogeneity was found between 
the trials included in the meta-analysis, the clinical 
utility of its findings are reduced by the inclusion of very 
different RT schedules (accelerated and non-accelerated, 
with and without dose escalation, hyperfractionated and 
conventionally fractionated). In another meta-analysis based 
on 21 randomized trials that compared different time-
corrected BEDs, it was concluded that the benefit of BED 
escalation seen in the trials without CHT did not differ 
significantly between randomized comparisons in which the 
higher-dose arm was hyperfractionated and those in which 
it was not (39). This indicates that it is the intensity of 
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treatment that influences patient outcomes, rather than the 
method of fractionation.

Hypofractionation: SBRT

The use of high doses per fraction in SBRT for inoperable 
peripherally located early-stage NSCLC became a standard 
of care. High (ranging from 80% to 100%) local control 
rates with minimal toxicity made it the treatment of choice 
even before its superiority over conventionally fractionated 
RT had been evidenced by controlled trials (40). In a 
multicenter randomized trial that included 101 patients 
with peripherally located T1–T2aN0M0 NSCLC, giving 
3 fractions of 18 Gy or 4 fractions of 12 Gy provided 
statistically significant local control benefit over standard RT 
(66 Gy in 33 daily fractions or 50 Gy in 20 daily fractions) (9). 
Only one small randomized trial evaluated the issue of dose 
in SBRT for NSCLC. Ninety-eight patients with inoperable 
T1–T2N0M0 NSCLC were enrolled and randomly assigned 
to 1 fraction of 30 vs. 60 Gy in 3 fractions. There were no 
differences in grade 3 and higher toxicity, local control, and 
overall survival between arms. Short-term (up to 6 months) 
quality of life (social functioning and dyspnea) measures 
favored the single-fraction SBRT arm (41). Due to a lack 
of evidence from randomized studies, dose-fractionation 
regimens for SBRT are based on the experience from large 
prospective studies and are selected at the discretion of the 
treating physicians, who utilize a risk-adapted approach 
with regard to the tumor size, location, and proximity to 
critical structures. ESTRO-ACROP experts recommend 
the use of fractionation regimen 3×15 Gy for peripherally 
located lesions and 4×12 Gy for cases with broad chest wall 
contact. Minimum doses should range between 105 and  
113 Gy BED10. Such a fractionation assures the BED10 
will be above 100 Gy, which is necessary for achieving >90% 
tumor control probability (41). BED10 >140 Gy may be 
associated with further increase in the local control but at 
the expense of mildly increased toxicity with no difference in 
survival (42,43). 

 The dose/fractionation issue in SBRT for centrally 
located tumors is pertinent. In tumors located within a 2 cm 
radius of large airways a significant risk of major damage was 
observed with the use of 60–66 Gy in 3 fractions. Grade 3–5 
toxicity occurred in 5 of 48 patients with peripheral tumors 
(10.4%) and in 6 of 22 patients (27.3%) with central tumors 
(P=0.088) (44,45). The ASTRO guidelines recommend 
avoiding a 3-fraction regimen in this setting and to use 4–5 
lower fractional doses instead. In cases in which the use of 

hypofractionated RT is deemed to carry too high risk, the 
use of 6–15 fractions should be considered (46). The risk of 
complications in SBRT for central tumors is related to the 
decreased tolerance (discussed above) of late-responding 
tissues such as the bronchi, esophagus, and great vessels 
to high fractional doses, which increases the occurrence of 
major damage in the form of fistulas or fatal hemoptysis. A 
body of evidence has been gathered on the safety of SBRT 
for the treatment of centrally located tumors. In particular, 
caution should be exercised in cases of so-called ultracentral 
tumors, for which there is no unanimous definition. 
In most trials, a tumor is considered ultracentral if the 
planning target volume touches the proximal bronchial 
tree (PBT), great vessels, or esophagus. Some reports 
have demonstrated an increase in major toxicity (including 
fistulas and fatal hemoptysis) in SBRT for tumors largely 
abutting the PBT (47-50), whereas others have not (51-53).  
The recently completed NRG Oncology/RTOG 0813 
phase I/II prospective trial involved 100 eligible patients 
with central T1–2N0M0 tumors that were accrued into a 
dose-escalating 5-fraction SBRT schedule ranging from 
10 to 12 Gy/fraction. Dose-limiting toxicity, defined as 
any treatment-related grade 3 or higher toxicity occurring 
within the first year after treatment, was observed in 7.2% 
of patients at the 12 Gy/fraction level, with a 2-year local 
control of 88%. However, despite only very few patients 
in this trial having ultracentral tumors, five cases of toxic 
deaths occurred beyond the first year (3 fatal hemoptysis, 
1 esophageal ulcer with possible fistula into major vessels, 
and 1 unspecified) (54). While some results have indicated 
that SBRT may be safe for ultracentral tumors, caution 
should be applied in selecting and treating these patients 
until large prospective trials have been completed. Strict 
adherence to the dose constraints based on the experience 
from prospective trials, a homogeneous dose distribution 
in the planning target volume within organs at risk, and 
limitation of both normal organ maximum point doses and 
volumes receiving high doses is needed (55). Meanwhile, 
ESTRO-ACROP experts recommend using a schedule 
of 8×7.5 Gy for SBRT of central tumors (42). However, 
the evidence on which this is based is still thin. The safety 
and efficacy of 8×7.5 Gy schedule was demonstrated in a 
retrospective study, in which this regimen was used to treat 
63 patients with central tumors. There was no grade 4/5 
toxicity reported in this group. Local control at 3 years 
was about 90% and was no different to that of 445 patients 
with peripherally located tumors who received a regimen 
of fewer-fractions within the same timeframe. However, 
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9 cardiac and unknown causes of death in a group of 63 
patients elicits caution about the true extent of the risk 
of major toxicity that may accompany this schedule (56). 
Results on the safety of this approach from prospective 
trials, such as the EORTC Lungtech trial (57,58) and the 
Canadian Sunset trial (59) are eagerly awaited.

Hypofractionation: moderate hypofractionation with or 
without CHT

Increase in treatment intensity by hypofractionation, which 
in relation to radical intent RT in NSCLC refers to the 
use of fractions between 2.25 Gy and 5 Gy, is often called a 
moderate hypofractionation, in contrast with the use of very 
large sizes of fractions in SBRT. The rationale for using 
hypofractionation is based on the notion that shortening 
the treatment time is beneficial in RT for NSCLC (8), as 
well as on its convenience for patients and lower cost, and 
also on the conviction that new technologies are able to 
achieve a significant dose-per-fraction escalation without 
unacceptable lung and esophageal morbidity (60). In the 
systematic review of radical hypofractionated RT with 
fractional doses between 2.3 and 3.5 Gy for locally advanced 
NSCLC, a total of 33 trials were included; in 15 trials, RT 
was combined with concurrent CHT. In both concurrent 
and non-concurrent RT-CHT schedules, an improvement 
in overall survival was associated with higher BED. Notably, 
the reported toxicity rate was low: late pulmonary and 
esophageal toxicity ranged from 1.2% to 12.2%, and the 
greatest incidence of acute esophageal toxicity was 14.9%, 
which appears to be better than in conventional concurrent 
RT-CHT (61). However, such an approach has not been 
validated in phase III trials. Despite the low toxicity rates 
reported in most trials, doubt surrounding the real extent 
of this toxicity persists. There is a lack of established dose 
constraints and patterns of the toxicity in hypofractionation 
for lung cancer. In accelerated hypofractionated schedules, 
there are additional organs at risk not contoured in 
conventional fractionation, such as the bronchi and 
brachial plexus. There are also other types of toxicities 
not reported in most reports on conventional RT, such as 
fistulas, hemoptysis, and strictures. Attempts to quantify a 
risk of complications for moderately hypofractionated RT 
are hampered by the lack of large prospective trials using 
such an approach, and by the considerable heterogeneity 
of reporting toxicity across the published studies on 
hypofractionation in NSCLC. Some reports contain 
only toxicity by group (e.g., only > grade 2), some do not 

distinguish between early and late toxicity, while most 
consider a short follow-up for toxicity occurrence and do 
not take into account specific toxicity of late-responding 
tissues (stricture, fistula, hemorrhage) (62). To illustrate 
this, the reported outcomes are summarized in Table 1, with 
a focus on toxicity in the published prospective studies on 
moderate hypofractionation without the use of concurrent 
CHT (63-72). 

Concurrent RT-CHT is the current standard for 
inoperable stage III NSCLC. Thus, a question arises 
about the safety and efficacy of combining accelerated 
hypofractionated RT with CHT. A concern about the 
increased toxicity of more intense treatment schedules 
seems justified. Published data has produced conflicting 
results. Moderately hypofractionated schedules with low-
dose daily cisplatin achieved excellent outcomes in the 
centers with a long experience of using them. A schedule 
of 66 Gy in daily fractions of 2.75 Gy with daily doses of  
6 mg/m2 cisplatin was validated in two consecutive EORTC 
trials as promising (64,73). Recently, the results of the phase 
II trial based on this schema with random allocation to 
addition or not of weekly cetuximab were published by the 
same investigators. In a total of 102 stage III patients, the 
median overall survival was 31.5 months, with a remarkably 
high 5-year survival rate of 37.3%. Toxicity was reported 
as acceptable; however, detailed data on long-term toxicity 
were not provided (17). Nevertheless, this study’s excellent 
overall outcome shows that such a fractionation schedule 
with low radiosensitizing doses of CHT given in high-
volume centers is promising and should be promulgated. 

 The results of several small studies indicate the safety 
of the concurrent delivery of accelerated hypofractionated 
RT with full-dose CHT (74-77). However, there are 
also conflicting results. A Chinese phase II study was 
prematurely terminated after inclusion of 12 patients to 
the accelerated hypofractionated RT (69 Gy/23 fractions) 
combined with concurrent platinum-based doublet CHT. 
The incidence of grade 3 esophagitis was 83%. Grade 3 
pneumonitis occurred in 2 of 7 patients who completed the 
planned RT schedule (78). A phase I/II trial on dose-per-
fraction escalation (from 2.0 to 2.48 Gy) to the total dose 
of 67.2 Gy with concurrent docetaxel and cisplatin was 
stopped at the dose per fraction of 2.24 Gy, because of an 
unacceptable rate of late pulmonary toxicity at a dose-per-
fraction level of 2.36 Gy (79). In the CALGB 31102 phase 
I study, which evaluated the feasibility of dose per fraction 
escalation with accelerated hypofractionated RT with 
concurrent carboplatin and paclitaxel, the 3 cases of grade 
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Table 1 Outcomes with a focus on toxicity from published prospective studies on moderate hypofractionation without the use of concurrent 
CHT for NSCLC

First author  
(reference),  
No. of patients 

RT schedule
Overall  
survival  
outcome 

Acute toxicity Late toxicity

Thirion (63), 25 
stage I–III 

72 Gy in 24 fractions  
(5 times a week)

One-year: 
68%

No grade 4 1 grade 4 pneumonitis

Belderbos (64), 
78 stage I–III (in 
the arm without 
concurrent CHT)

66 Gy in 24 fractions  
(2.75 Gy/fraction, 5 times a 
week) after induction CHT

Two-year: 
34%

5% of grade 3 esophagitis, 
no grade 5 toxicity

4% grade 3 esophagitis; 14% grade 3/4 
pneumonitis; two cases of grade 4 cardiac 
toxicity and one fatal hemoptysis

Kepka (65), 173 
stage III 

56.7 Gy to 60.9 Gy in 21 
fractions in 4 weeks (dose per 
fraction escalation from 2.7 
through 2.8 up to 2.9 Gy)

Two-year: 
32%

7% of grade 3 esophagitis, 
three grade 5 pneumonitis 
(two in the 60.9 Gy dose 
level; and one in patient who 
received 54 Gy in 20 fractions 
because of interstitial lung 
disease)

6% grade 3 pneumonitis; one paraparesis 
six years after treatment in patients with 
maximum dose of 44 Gy in 21 fractions, 
however, MR revealed a vascular radiation 
damage at the level of irradiated spine;  
one case of grade 3 pericarditis

Cannon (66), 
75 stage I–IV 
evaluable 

57 to 85.5 Gy in 25 fractions 
over 5 weeks

Three-year: 
29%

No grade 3 acute esophagitis, 
pneumonitis

Six cases of grade 4/5 toxicities (3 fatal 
hemoptysis, one tracheoesophageal fistula, 
one pneumonitis, and one lung abscess) 

Zhu (67), 34 
stage III

65 Gy in 20 fractions of 2.5 Gy 
followed by 5 fractions of 3 Gy 
or 68 Gy in 20 fractions of  
2.5 Gy followed by 6 fractions 
of 3 Gy over 5 weeks

Three-year: 
32%

6% of grade 3 esophagitis; 
3% of grade 3 pneumonitis

6% (2 cases) of grade 2 esophageal  
stenosis

Agolli (68), 60 
stage III/IV

60 Gy in 20 fractions of 3 Gy 
over 4 weeks

Two-year: 
40%

5% of grade 3 esophagitis; 
6% of grade 3 pneumonitis

2% of grade 3 esophagitis; 3% of grade 3 
pneumonitis

Cheung (69), 80 
T1-T3N0M0

60 Gy in 15 fractions of 4 Gy 
over 3 weeks

Two-year: 
69%

Reported as worst grade during two year follow-up: 4% of grade 3  
fatigue; 6% of grade 3 cough; 11% of grade 3/4 dyspnea; 8% of  
grade 3/4 pneumonitis; one fatal hemoptysis possibly treatment related

Cagney (70), 60 
stage I–III 

60, 66 or 72 Gy, in 20, 22 and 
24 fractions of 3 Gy,  
respectively, 5 times a week

Three-year: 
29%

Mild 2 cases of grade 5 esophageal toxicity in 
first 30 patients included; then after  
adjustment of dose constraints for  
esophagus, and no serious toxicity

Bral (71), 40 
stage III

70.5 Gy in 30 fractions of 2.35 
Gy over 6 weeks

Median:  
17 months

3 (7.5%) grade 3 pneumonitis 
+ 2 (5%) grade 5 pneumonitis

16% grade 3 pneumonitis

CHT, chemotherapy; NSCLC, non-small cell lung cancer.

5 respiratory toxicities, including 2 fatal hemoptysis led 
to the premature termination of the study after inclusion 
of 22 patients. The authors demonstrated that 60 Gy in 
24 fractions (2.5 Gy/fraction) is probably the maximum 
tolerable dose that may be tested in future clinical trials (80). 
The safety of hypofractionated RT concurrent with full-
dose CHT may be confirmed only by a randomized trial 
that would compare such an approach with conventional 
fractionation. Currently, no such trial exists. Indirectly, 

we may estimate the safety of such an approach based on 
a trial that compared accelerated hypofractionated RT 
(55 Gy in 20 fractions) with 3–4 cycles of cisplatin and 
vinorelbine given either sequentially or concurrently. 
Among the 130 included patients, there was no difference 
in the grade 3–5 toxicity, 31% and 36%, respectively, in 
the concurrent and sequential arms, P=0.57. However, 
when grade 4 and 5 toxicities were analyzed separately, 
9% and 6% of grade 4 and 5 toxic events were observed 



1976 Kepka and Socha. Dose and fractionation for NSCLC

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2021;10(4):1969-1982 | http://dx.doi.org/10.21037/tlcr-20-253

in the concurrent arm vs. none in the sequential arm (81).  
In  a  recent ly  completed NCT02367443 tr ia l ,  in 
which two cycles of 80 mg/m2 cisplatin and 40 mg/m2  
vinorelbin were given concurrently with 58.8 Gy in 21 
fractions for 4 weeks, despite an encouraging median 
overall survival of 38 months, 7 toxic deaths were 
reported, including 3 cases of fatal hemoptysis (82).  
Estimating the risk of fatal hemoptysis caused by 
hypofractionation is difficult because of the differences 
in patient selection and treatment schemes. Prospective 
studies on hypofractionation usually report the rate of 
fatal hemoptysis, as it is commonly believed that a large 
dose per fraction may damage the bronchial wall, whereas 
in the series on conventionally fractionated RT, such 
events are probably underreported. However, some tumor 
characteristics, such as central location, squamous histology, 
and tumor cavitation, increase the risk of fatal hemoptysis 
independently of the RT fractionation (83). In a prospective 
study that randomized patients with central tumors to 
external beam RT 60 Gy in 30 fractions vs. the same 
external beam RT plus brachytherapy boost, there were 6 
(14%) deaths caused by hemoptysis in 42 patients in the 
arm without brachytherapy (84). 

Final confirmation of the value of concurrent accelerated 
hypofractionated RT–CHT should come from a prospective 
trial with randomized comparison of this approach and 
conventional RT-CHT. Encouraging data on the survival 
and convenience of the hypofractionated approach justify 
the continuation of this research. However, for reliable 
comparison, more data relating to the toxicity attributable 
to the damage to the central and perihilar structures and 
correlated with the dose to the PBT in the conventional 
approach should certainly be collected. Reporting toxicity 
for these structures requires an appropriate length of follow-
up of at least a few years. In a study that prospectively 
included 79 patients for hypofractionated RT with dose per 
fraction escalation from 57 to 85.5 Gy in 25 fractions using 
helical tomotherapy, the preliminary results with a median 
follow-up of 8 months claimed that this schedule was safe 
with no grade 3 toxicity (85). With an update of this study 
published 5 years later, it appeared that late grade 4 and 
5 toxicities occurred in 6 patients and were attributable 
to the damage to the central and perihilar structures and 
correlated with the dose to the PBT (66). 

Total dose in RT and RT-CHT 

 The current standard dose in radical RT for NSCLC 

is 60–66 Gy in 30–33 fractions, which was established 
in an old RTOG trial in 551 patients compared four 
different RT regimens: 40 Gy split course (5×4 Gy in  
1 week, 2 weeks’ rest and an additional 5×4 Gy in 1 week) 
or 40, 50, or 60 Gy in 2 Gy per fraction (without dose 
inhomogeneity correction) 5 times a week. Patients treated 
in the highest dose (60 Gy) arm achieved the highest local 
control and this schema has since become the standard dose 
to date in patients treated with and without CHT (86). 
Technological progress with the development of three-
dimensional conformal RT offered the opportunity to 
deliver higher tumor doses with acceptable complication 
rates compared to earlier RT techniques, because of the 
reduction in the volume of normal tissue irradiated. Phase 
I/II studies on the RT dose escalation up to the range of 
80–100 Gy were encouraging, showing the feasibility of 
such an approach (87-90). A prerequisite for RT with dose 
escalation was the use of advanced technologies and the 
possibility for omission of elective nodal irradiation due 
to the development of better mediastinal imaging in order 
to obtain the maximal limitation of the irradiated healthy 
tissues (91). With evidence that concurrent RT-CHT 
improves survival in locally advanced NSCLC, confirmation 
that a higher dose also improves treatment outcomes also in 
the concurrent RT-CHT approach has become pertinent. 
An unexpected outcome came from the RTOG-0617 phase 
III trial, which investigated the issue of dose escalation 
from 60 Gy/30 fractions (control arm) to 74 Gy/37 
fractions (experimental arm) with concurrent paclitaxel 
and carboplatin with or without cetuximab in both arms. 
Patients who received 74 Gy/37 fractions had a median 
overall survival of 20.3 months, compared with 28.7 months 
in patients who received the standard dose of 60 Gy/30 
fractions (P=0.004) (6). The prolongation of treatment 
in the higher dose arm is considered to be one of the 
reasons for the inferior overall survival (7,8). With growing 
evidence that the prolongation of treatment time with 
increasing radiation dose may compromise any beneficial 
effect of a higher dose, the subsequent dose-escalation 
trials were designed with the restriction of keeping the 
overall time to 5–6 weeks via partial hyperfractionation, 
acceleration without the change of size of fractional dose 
(giving an extra dose of 2 Gy per week), or moderate 
hypofractionation. Additionally, a strategy of individualized 
accelerated isotoxic dose RT (INDAR) escalation was 
developed. In isotoxic RT planning, the prescribed dose is 
increased incrementally until an organ-at-risk maximum 
tolerated dose is reached. In sequential CHT and RT and 
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in RT alone, these results were promising (the median dose 
escalation was up to 64.8 Gy delivered in 25±5.8 days, with 
partial hyperfractionation), with median overall survival of 
21 months and minimal toxicity (92). However, the early 
results of INDAR in concurrent RT-CHT seemed to be 
similar to those for standard fractionation and dose RT (93). 
The mature results of the prospective INDAR trial with 
concurrent full-dose platinum-based CHT were recently 
published. RT was given using IMRT to a dose of 45 Gy 
in 30 fractions b.i.d., followed by 2 Gy/fraction daily until 
a total dose determined by the normal tissue constraints 
was reached. The mean dose escalation was mild, up to  
66 Gy delivered over 38 days. The median overall survival 
was 20 months, which is no better than that of standard-
dose concurrent RT-CHT (94). A Swedish randomized trial 
that compared a standard dose of 68 Gy with concurrent 
cisplatin and vinorelbin with the same CHT combined 
concurrently with dose escalation up to 84 Gy (by giving 
an extra 2 Gy per week to a total number of 6 fraction/
week) was terminated after the inclusion of 36 patients due 
to excessive toxicity (5 toxic deaths in the experimental arm 
and 2 in the standard arm) and worsening of survival in the 
dose-escalation arm (95). In another prospective trial on 
120 patients, an isotoxic dose escalation with concurrent 
full-dose cisplatin and vinorelbin was evaluated. The dose 
was escalated up to 63–73 Gy over 40 days in the 6-week 
schedule (5 fractions per week), and up to 63–71 Gy over  
33 days in the 5-week schedule (6 fractions per week 
including 2 on the same day). Overall survival was longer 
in the 6-week schedule than the 5-week schedule (median: 
41.2 vs. 22.1 months, P=0.04). The authors concluded 
that this outcome should stimulate further research on 
individualized dose prescription in a concurrent RT-CHT 
setting. Interestingly, dose intensification with treatment 
acceleration for 5 weeks seemed to carry no benefit (96). 

 The abovementioned results warn that dose escalation 
and/or dose intensification in a concurrent RT-CHT 
setting should be considered with caution. This is in line 
with a more recent meta-analysis that investigated RT dose-
response relationships in NSCLC and reported survival 
benefits for dose escalation with RT alone and no survival 
benefit in the concurrent RT-CHT setting (39). From the 
trials, we learned that dose escalation in a linear fashion 
does not improve outcomes for all patients, and thus there 
is a need to tailor the prescription to the individual patient. 
Personalized dose prescription is an interesting strategy 
that has the goal of adapting the dose prescription to the 
individual patient to achieve a safe dose escalation and also, 

in some cases, de-escalation. There are numerous strategies 
for achieving this; however, these are mostly the subject of 
preclinical studies, and more evidence is needed before they 
are introduced to clinical practice (97,98). So far, evidence 
from the PACIFIC trial shows that standard-dose RT  
(>54 Gy) given concurrently with full-dose CHT followed 
by immunotherapy with durvalumab is superior to the 
same RT-CHT without immunotherapy (99). Optimization 
of concurrent RT-CHT combined with immunotherapy, 
including total dose, is the subject of ongoing and planned 
clinical trials. In routine practice, there is no evidence for 
RT dose escalation in combined RT-CHT followed by 
administration of an immune agent. 

Conclusions

Concurrent RT-CHT combined with immunotherapy is a 
standard of care in locally advanced NSCLC. We have no 
evidence that dose escalation and/or intensification bears 
any relevance to the improvement of outcome in such an 
approach. However, with the use of modern RT techniques 
in sequential CHT and RT and in RT alone, a dose 
escalation with the restriction that the overall time should 
not be prolonged beyond 5–6 weeks seems promising. 
The use of high fractional doses in SBRT of peripheral 
inoperable lung cancer is the standard of care. The 
treatment of central lesions with SBRT provides a challenge 
because of the increased risk of injury to the bronchi and 
mediastinal critical structures. 
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