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Introduction

Radiotherapy (RT) is needed in over 60% of patients with lung 
cancer at least once during the course of disease, adequate dose 
is an essential element for successful treatment of patients with 
non-small cell lung cancer (NSCLC). This article will briefly 
review biological considerations of radiation dose and their 
effect in the context of three-dimensional conformal radiation 
therapy (3D-CRT) including intensity modulated radiation 
therapy (IMRT) and stereotactic body radiation therapy 
(SBRT) for NSCLC. It will focus on literature review and 
discussions regarding radiation dose effect in locally advanced 
NSCLC including potential severe and lethal toxicities of 

high dose radiation given with concurrent chemotherapy. 
Potential approaches for delivering safe and effective doses by 
individualizing treatment are being applied in studies such as 
RTOG1106. The concept of delivering high dose radiation to the 
most resistant tumors with the use of isotoxic dose prescription 
and adaptive approaches will also be discussed in this paper.

Radiation dose effect: biology consideration

In the laboratory, from a biological effectiveness perspective, 
efficacy of radiation cell killing is directly correlated with the dose 
delivered. According to the basic principle of the linear-quadratic 
model, lethal radiation damage is created in one of two ways: as 
a consequence of a single ionizing event of double-strand breaks 
in the DNA or as a consequence of two, separate, sub-lethal 
ionizing events which interact pairwise to create lethal damage. 
As a result, the biological effect (E) of RT depends on the dose 
in a linear and quadratic fashion: E = n(αd+βd2) with n being 
the number of fractions, d being the dose per fraction, and α and 
β being parameters that determine the initial slope and curvature 
of the underlying cell-survival curve. From this equation, the 
biological effect dose (BED) can be calculated as: BED = nd 
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[1+d/(α/β)] (1). BED varies according to dose per fraction, 
number of fractions and characteristics of the tissue contributing 
to the α/β ratio. BED is used to estimate the effect or risk of 
radiation in current practice of radiation oncology. When effects 
of equivalent total doses with different fractionation schemes 
are compared, they produce unequal biological effects (1).  
In lung cancer, early evidence suggests that the tumor control 
rate increases with escalation of BED (Figure 1) (2). 

RT dose effect in NSCLC treated with 
conventionally fractionated 3D-CRT

While traditional radiation was previously more limited by 
technology for normal tissue sparing, modern 3D-CRT is 
able to deliver high-dose radiation to the tumor target areas 
while minimizing dose to surrounding tissues, allowing greater 
RT dose for early stage inoperable NSCLC patients (3-7). 
Dose has been escalated to up to 102.9 Gy while limiting lung 
dosimetry with most patients tolerating treatment, and post 
treatment radiation injuries considered to be acceptable (8). 
Increasing the dose of radiation improves local control and 
overall survival in most studies reported. In RTOG protocol 
73-01 (9) it was found that the in-field failure rate decreased 
from 58% to 35% as the dose was increased from 40 to 60 Gy. 

In a phase I dose-escalation study reported by Rosenzweig  
et al. (10) the 2-year overall survival (OS) rate for patients with 
stage I-II disease who received <80 Gy was 60%, compared 
with 66% for patients who received >80 Gy (P<0.05), with 
a median survival time of 25.0 months versus 53.6 months, 
respectively. A prospective study reported by Kong et al. (3) 
found that the 5-year local-regional progression-free survival 
(PFS) rates were 12%, 35%, and 49% for groups treated with 
67, 80, and 97 Gy, respectively. Median survival (5-year OS) 
in this study was 12 months (4%), 27 months (22%), and  
22 months (28%) for dose levels of 63-69 Gy (mean =67 Gy),  
74-84 Gy (mean =80 Gy) and 92-102 Gy (mean =97 Gy), 
respectively (P<0.0002) (Figure 2) (8). The dose response 
curve for local tumor control was steeper for five years than that 
of three or four years. Kong et al. from University of Michigan (8) 
demonstrated that high-dose radiation is more vital for patients 
with larger tumors and may be effective in reducing the adverse 
outcome associated with a large GTV in early stage NSCLC 
treated with conventionally fractionated radiation.

RT dose effect in early stage NSCLC treated 
with hypo-fractionated SBRT

A promising new technique, SBRT normally delivers much higher 

Figure 1. Tumor control probability and biological effective dose. The dose response relationship is sigmoidal in one of the early dose escalation 
studies of non-small cell lung cancer (NSCLC) performed in University of Michigan.
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BED than conventionally fractionated 3D-CRT (typically BED 
of 70-85 Gy), and has generated outstanding tumor control in 
early stage NSCLC. High BED often contributes to long survival 
and good local tumor control. Studies from Japan, Germany and 
China all reported that SBRT with BED ≥100 Gy was associated 
with significantly better local control and long-term survival. In 
patients who received a BED ≥100 Gy, local tumor control 
was over 90%. A multicenter study (11) reviewed 257 patients 
treated at 14 institutions in Japan using a number of different 
treatment doses and delivery approaches. At median follow 
up of 38 months, local recurrence rate was 8.4% in patients 
who were treated to a BED ≥100 Gy. A recent German study 
also reported that BED ≥100 Gy is critical for achieving good 
local control (12). A Chinese study applied daily fractionated 
SBRT w ith a total  BED of up to 115 Gy and repor ted  
3- and 5-year OS rates for T1-3 patients of 57.3% and 35.1%, 
respectively, and 60.2 and 36.5% 3- and 5-year OS rates for stage 
T1-2 patients respectively (13). Studies from the U.S. suggest that 
patients who receive 16 Gy ×3 (BED =124 Gy) have significantly 
better local control than those who receive lower doses (14). 
Dose response analysis showed that the outcome plateaued 
around 120 Gy BED. In Guckenberger’s study (12), a PTV-
encompassing dose of ≥100 Gy BED was estimated to be required 
for local tumor control rates >90%. RTOG 0236 (15), using 18 
Gy ×3, equating to a BED of 180 Gy to tumor, represented the 
First National Cancer Institute cooperative group trial using 
SBRT for early NSCLC. The study reported 98% tumor control 
rate at three years. Updated Japanese (16) and German (17)  

studies of BED above 100 Gy confirmed over 90% local tumor 
control for T1 tumors. However, there is no randomized trial to 
compare different dose regimens for SBRT. In a meta-analysis 
containing 34 published SBRT datasets (18), observed 5-year 
OS and cancer specific survival (CSS) was best in those treated 
to medium BED (around 100 Gy).

Modern technology also allows SBRT delivery of very high 
radiation dose to the target volume, in as few as one single fraction. 
However, the effects of radiation after SBRT in a single fraction 
are not well known. In lung metastases patients receiving a dose 
of 30 Gy in a single fraction therapy It was reported that LC rates 
at one and two years were 89.1% and 82.1%, OS rates were 76.4% 
and 31.2%, CCS rates were 78.5% and 35.4%, and PFS rates were 
53.9% and 22%, respectively (19). Interestingly, Guckenberger  
et al. (20) reported that the dose-response relationship was 
limited in fractionated SBRT: LC was independent from 
the irradiation dose in the subgroup of patients treated with 
single-fraction SBRT. Nevertheless, adequate radiation dose is 
important for good tumor control and survival in early stage 
NSCLC and the success of hypofractionated high dose SBRT is a 
strong testimony for radiation dose effect in patients treated with 
hypofractionated techniques (3 to 8 fractions).

RT dose effect in locally advanced NSCLC 
treated with chemoradiation

In locally advanced NSCLC, there are two important aspects to 
consider: (I) does local regional tumor control impact survival 

Figure 2. Local tumor control increases with higher dose radiation. Radiation dose is associated with long-term tumor control. Dose response 
relationship is steeper for longer follow-up.
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in patients with locally advanced disease, with high risk of 
distant disease spread? (II) with extensive tumor involvement 
in the chest which hosts critical structures, would high dose 
radiation cause significant toxicity adversely impacting patients? 
Ultimately, it is important to address whether high dose radiation 
improves overall survival and quality of life.

Local-regional tumor control and overall survival in locally 
advanced NSCLC

Local tumor progression is common, and remains a major problem 
after radiation-based non-surgical treatment in locally advanced 
NSCLC, despite of advances in radiation technology. Using modern 
techniques, current radiation therapy applying a uniform dose 
prescription of 60 Gy or slightly higher generates local control rates 
of less than 50% and a 5-year overall survival rate of about 10-15% 
(8,21,22). After RT with or without neoadjuvant chemotherapy, 
Kong et al. in a University of Michigan trial reported ultimate local 
failure in 70% of patients (8). After neoadjuvant chemoradiotherapy 
in CALGB 9431 (23), 90% of patients ultimately failed locally, with 
45% having local failure alone. After neoadjuvant and concurrent 
chemotherapy with radiation doses of 60-74 Gy, Socinski et al. (24) 
reported that 46% of patients initially had local failure. Evaluation 
by bronchoscopy and biopsy one year after treatment completion 
revealed pathologic local control rates of only 15-17% after 65 Gy 
of radiation with neoadjuvant therapy (25). After chemoradiation 
with RT doses of 60 Gy in 2 Gy daily fractions or 69.6 Gy in 1.2 Gy 
twice daily fractions, a secondary analysis of 11 RTOG trials (9/11 
had concurrent chemoradiation) with 1,356 patients reported 2- 
and 5-year survival rates of 38% and 15%, with 2- and 5-year local-
regional failure (LRF) rates of 46% and 52%, respectively (26).

Local-regional disease not only leads to death due to local 
effects within the chest, but also can serve as a source for 
metastatic dissemination. In patients with locally advanced disease,  
Arriagada (27) concluded that the main cause of failure is the 
absence of local control, and local progression or relapse correlated 
with poorer survival. In RTOG 73-01 (9), the death rate in patients 
with intra-thoracic failure was similar to that of patients with distant 
metastases, and increased survival was observed in patients with 
complete tumor response (28). In the CHART trial, local control 
rates of 20% and 29% were associated with median survivals of  
9.9 and 27.9 months, respectively (29). In an EORTC trial, Schaake-
Koning et al. (30) demonstrated a similar correlation between LRC 
and survival. Reviewing mature results of ten randomized phase 
III trials with inclusion of concurrent chemoradiation, Auperin  
et al. (31) reported local or local regional control along with overall 
survival; there seemed significant correlation between LRC and 
survival rates (Figure 3) (32-37).

RT dose, fraction and survival in locally advanced NSCLC

In locally advanced NSCLC, 5-year OS rate is only about 15% after 
conventionally fractionated 60 Gy radiation. Dose escalation trials 
using involved field radiation therapy have demonstrated improved 
outcomes for patients treated to higher radiation doses, however 
only a few studies have investigated efficacy and tolerance. The 
Memorial Sloan Kettering Cancer Center (MSKCC) conducted 
a phase I dose escalation study of stage IIIA/B patients who 
received radiation dose of 70.2 to 84 Gy in 1.8 Gy fractions; the OS 
was significantly superior in patients who received ≥80 Gy (38).  
In a randomized trial from China, 5-year LC and 2-year OS 
improved significantly in stage III patients treated with total 
dose of 68-74 Gy compared with those treated to 60-64 Gy 
(51% vs. 36%, P=0.032; 39.4% vs. 25.6%, P=0.048) (39). 
Hypo-fractionated RT regimens can also increase the dose to 
the tumor volume based on the concept that a higher dose per 
fraction can increase BED, though there are no randomized trials 
comparing benefits and tolerance among Hypo-fractionated RT 
and standard schedules. A study by Zhu et al. (40) performed 
dose escalation up to 65-68 Gy in 22 to 23 fractions in 34 
NSCLC patients with stage III at diagnosis. 2-year OS, PFS, and 
LPFS rates were 38%, 30%, and 61%, respectively. In a recent 
study (41) reported by Osti et al., 24 stage IIIA/B patients had 
a median OS of 13 months (16 months for IIIA; 13 months 
for IIIB), with a range of 4 to 56 months. BED >55 Gy was 
significantly associated with survival benefit (P<0.001). Another 
hypo-fractionated RT study (42) included 37 stage III patients 
without administration of concurrent chemotherapy. All patients 
were treated with 25 fractions, with dose per fraction ranging 
from 2.28 to 3.22 Gy. The outcome data showed that 17% 
of patients achieved complete response, the actuarial 2-year 
OS calculated to be 46.8%±9.7%, with median survival of 18 
months. Hyper-fractionated accelerated RT is another method 
to elevate BED to the tumor. In order to increase total dose to 
tumor while shortening treatment duration and decreasing late 
effects, hyper-fractionated-accelerated RT has been attempted 
in IIIA/B NSCLC patients. In 127 patients receiving hyper-
fractionated-accelerated RT, Jeremić et al. (43) reported 5-year 
OS, local PFS and distant metastasis-free survival of 7%, 16%, 
and 36%, respectively. After two cycles of chemotherapy, stage 
III NSCLC patients in the DART-bid trial (44) had median 
OS of 24.3 months, and 2-/5-year OS rates to 51% and 18%, 
respectively. In a randomized phase III trial reported by 
Baumann et al. (45), survival after conventional RT and Hyper-
fractionated-accelerated RT was not different, while local control 
after Hyper-fractionated-accelerated RT was significantly better 
than control after conventional RT in patients who had received 
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chemotherapy before RT (P=0.019). 

RT dose effect in locally advanced NSCLC treated with concurrent 
chemoradiation

In the standard care for locally advanced NSCLC: platinum 
based chemotherapy concurrent with RT, local tumor control 
and overall survival remain poor. After neo-adjuvant and 
concurrent chemotherapy with radiation doses of 60-74 Gy, 
Socinski et al.  (46) reported that 46% of patients initially 
had local failure. A secondary analysis of 11 RTOG trials 
(9/11 had concurrent chemoradiation) with 1,356 patients 
treated with chemoradiation with RT doses of 60 Gy in  
2 Gy daily fractions or 69.6 Gy in 1.2 Gy twice daily fractions 
reported 2- and 5-year OS rates of 38% and 15%, with  
2- and 5-year LRF rates of 46% and 52%, respectively (25). 
With concurrent chemotherapy, RTOG 92-04 reported that  
2- and 4-year in-field progression (TTPs) were 26% and 30% in the 
patients receiving radiation dose of 69.6 Gy, compared to 45% and 
49% in the 63 Gy arms (47). 

RT dose may be an important factor for local tumor control 
and perhaps sur vival in this patient population. A good 
example is a report of 237 patients with stage III NSCLC 
treated with radiation +/– chemotherapy between 1992 and 
2002 at the University of Michigan which showed that BED 
was the most significant prognostic factor associated with 
the risk of death (HR =0.96 for each Gy, 95% CI: 0.95-0.97, 
P<0.001). For patients who received concurrent chemotherapy, 
the hazard ratio of BED for the risk of death was 0.97 per Gy 
(95% CI: 0.95-0.99, P=0.013). One Gy of dose escalation 
was associated with a 3% reduction in the risk of death. BED 
remained a significant independent prognostic factor in 

patients treated with chemoradiation in the dose range of  
60-66 Gy (HR =0.91, 95% CI: 0.84-0.99, P=0.041) (48).  
The RTOG secondary analysis of 1,356 patients treated 
with chemoradiation between1988 to 2002 serves as a good 
example of this as well. This study analyzed for BED effect 
(1,348 for treatment time adjusted BED~tBED) in the range 
of 60 Gy in 2 Gy fractions and 69.6 Gy in 1.2 Gy fractions. 
The 2- and 5-year OS rates were 38% and 15%, respectively. 
The 2- and 5-year LRF rates were 46% and 52%, respectively. 
BED (and tBED) was significantly associated with both OS 
and LRF, with or without adjustment for other covariates on 
multivariate analysis (P<0.0001). A 1-Gy BED increase in RT 
dose intensity was significantly associated with approximately 
4% relative improvement in survival (HR for death =0.96) 
and 3% relative improvement (HR =0.97) in local-regional 
control (26).

Overall, radiation dose escalation may improve local regional 
control and overall survival in patients with stage III NSCLC, 
based on the results of non-randomized trials (8,48-50) and 
an RTOG secondary analysis (26) of over 1,300 cases treated 
with chemoradiation. Regarding the dose effect of >70 Gy with 
concurrent chemoradiation, investigators from University of 
Michigan reported results on patients treated in the dose range 
of 60-100 Gy with concurrent and adjuvant carboplatin and 
paclitaxel (51). The median local-regional PFS was 10.7 (range: 
8.4-13.0) months and has not yet been reached (14.1 to date) 
(P=0.001) for physical doses <70 and >70 Gy, respectively. The 
median survival was 15.5 (range: 6.5-24.4) and 41.9 (range: 18.3-
65.5) months (P=0.003), for physical doses less than and greater 
than 70 Gy, respectively. The RT dose effect was statistically 
significant for patients treated with or without concurrent 
chemotherapy (Figure 4).

Figure 3. Correlation between local regional tumor control and overall survival in locally advanced non-small cell lung cancer (NSCLC). Data 
presented are reported individual results from 10 phase III trials comparing sequential chemoradiation with concurrent chemoradiation.
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Challenges in delivering high dose radiation in 
locally advanced NSCLC

Treatment effect and toxicity after dose escalated RT

It is a remarkable challenge to deliver high dose radiation in 
patients with advanced NSCLC. A dose escalation study of 
79 patients with locally advanced NSCLC treated without 
chemothereapy reported a maximum tolerance dose og 
63.25 Gy in 25 daily fractions over five weeks using intensity-
modulated RT to limit severe toxicity to 20%. Grade 4 to 
5 late toxicities were attributable to damage to central and 
perihilar structures and correlated with dose to the proximal 
bronchial tree (52-54). A trial from University of Michigan with 
concurrent carboplatin and paclitaxel (UMCC 2003-073) was 
stopped prematurely due to lack of dose escalation in 60% of 
patients limited by clinical lung toxicity at 15%. RTOG 0117, 
a phase I/II dose escalation study with concurrent and adjuvant 
carboplatin and paclitaxel, reported two acute, treatment-related 
dose limiting toxicities (DLTs) in the 1st cohort of 17 patients 
and 6/8 (75%) grade ≥3 events during long-term follow up. The 
protocol was revised to de-escalate the radiation therapy dose (74 
Gy in 37 fractions). In the new cohort of seven patients, treated 
with 74 Gy, there was 1 DLT in the first five patients and no 
DLTs in the next two patients. The maximum tolerable dose was 
thus determined to be 74 Gy in 37 fractions (2 Gy per fraction) 
using 3D-CRT with concurrent paclitaxel and carboplatin 
therapy (55). The CALBG 30105 trial (11) studied induction 

chemotherapy followed by concurrent chemoradiotherapy in 
stage III NSCLC patients randomised between two different 
chemotherapy regimens delivered concurrently with dose-
escalated thoracic conformal RT (74 Gy, once daily, 2 Gy 
per fraction) in both arms. The carboplatin/gemcitabine 
arm closed prematurely due to a high rate of grade 4 to  
5 pulmonary toxicity. However the carboplatin/paclitaxel arm 
demonstrated a median survival of 24 months with a 12% rate of 
grade 3 or higher pulmonary toxicity. 

These trial results compared favorably to the historical 
standard concurrent chemoradiotherapy doses of 60-66 Gy in 
2 Gy fractions.and formed the basis for the experimental arm 
in the recently closed phase III RTOG 0617 trial. In this 2×2 
factorial design trial patients with stage III NSCLC were treated 
with weekly carboplatin-paclitaxel chemotherapy and concurrent 
RT in 2 Gy fractions. Patients were randomised to receive 60 
or 74 Gy RT, with or without cetuximab. After RT, all patients 
received a further two cycles of consolidation chemotherapy, 
with or without cetuximab. A planned interim analysis after 
85 documented events demonstrated a non-superior median 
survival in the high dose arms which were closed due to a low 
likelihood of survival benefit from high dose RT with additional 
accrual and follow up. An updated analysis of the data after  
207 events demonstrated a significant increased risk of death 
in the high dose arms [median survival 28.7 (60 Gy arm) vs.  
19.5 months (74 Gy), P=0.0007; HR =1.56, 95% CI: 1.19-2.06],  
with a 37% increased risk of local failure in the high dose arms 
(HR =1.37, 95% CI: 0.99 to 1.89, P=0.0319). There were more 

Figure 4. Radiation dose and survival in non-small cell lung cancer (NSCLC) in patients treated with or without concurrent chemotherapy. High dose 
group has better overall survival in both Chemo+ and Chemo- groups.
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treatment related deaths in the high dose arms (10 vs. 2) but this 
did not reach statistical significance. The worse local control and 
survival of the high dose arms of RTOG 0617 trial has challenged 
the assumption that RT dose escalation using conventional 
dose/fractionation regimens with concurrent chemotherapy will 
improve outcome in stage III NSCLC. At the time of writing 
this article, the reasons for the underperformance of the 74 Gy 
arm are still unclear and the analysis of the individual RT plans 
by RTOG is ongoing. Hypotheses for the worse local control 
in the 74 Gy arms include issues with the assessment of local 
progression versus fibrosis, chemotherapy and RT dose delivery 
and compliance, issues with RT planning and quality assurance 
(particularly since IMRT was only used in 46% of centers) and 
accelerated repopulation due to the prolongation of the overall 
treatment time. This is supported by an early analysis estimating 
that tumor control probability of NSCLC decreases 1.6% per 
day after a six-week duration of RT, and according to a secondary 
analysis of three RTOG trials for stage III NSCLC patients treated 
with concurrent chemoradiotherapy, showing that prolonged 
treatment time translated into a 2% increase in the risk of death 
for each day of prolongation in therapy (56). A combination 
of factors probably account for the survival results of RTOG 
0617, including inferior local control in the 74 Gy arms; but 
unreported treatment-related deaths (cardiac and pulmonary) 
are likely to be one of the major causes for the inferior survival 
in the 74 Gy arms. Indeed the multivariate survival analysis 
reported that V5 and V50 heart were both associated with worse 
survival. This study highlights the need for stricter constraints 
to adjacent critical organs at risk such as heart, lung, proximal 
bronchial tree and RT quality assurance programs in future 
studies and institutional protocols. The current view in the 
radiation oncology community is that radiation dose escalation 
with conventional fractionation and concurrent CT is not the 
way forward, but treatment intensification should be pursued, 
including studies of altered fractionation and individualization of 
dose (57-59).

Currently, there are investigative efforts to increase daily 
fraction size to escalate total radiation dose without extending 
the treatment duration. One approach involves dose escalation 
using 2.25 Gy daily fractions (once or twice daily) while limiting 
treatment duration to six weeks (60). This approach was used 
to escalate to 87.8 Gy in patients with limited lung volumes 
without concurrent chemotherapy. Another approach is to use 
a higher dose fraction every day while limiting the treatment 
duration to five weeks without concurrent chemotherapy (61). 
UMCC 200373 and UMCC2007123 limited treating duration 
to six weeks while delivering RT dose escalation with concurrent 
chemotherapy, and achieved promising results (51).

Treatment related death after RT based treatment

Treatment related severe toxicities can be fatal. For example, a 
recent meta-analysis reported 1.9% grade 5 pneumonitis after 
concurrent chemoradiotherapy (62). Radiation pneumonitis 
attributed death occurred in up to 10% (35,63,64) of patients 
treated with concurrent chemoradiation, and up to 4.3% of 
patients treated with radiation alone (35,65,66). Critical 
organs at risk include the heart, lung and esophagus. Grade 5 
adverse events were reported in 1.7% (range, 1-3%) (67,68), 
and 2.5% (range, 1.2-8.2%) (69,70), for patients treated with 
concurrent chemotherapy with conventional doses (60-63 Gy) 
and concurrent chemotherapy with escalated doses (>63 Gy). 
It is possible that these increased events were due to treatment 
toxicity, though some of them were not identified as such. 
Another ongoing issue with the reporting of treatment related 
deaths is that many patients die at home or at local community 
hospitals, leading to probable underreporting of grade 5 events. 
These treatment toxicities often arise as a consequence of the 
challenges of delivering high dose radiation to locally advanced 
disease without incidentally delivering high dose to the OARs 
(Table 1).

Potential strategies to improve therapeutic gain in 
NSCLC

 
It is imperative to pursue new strategies to increase the dose 
ratio of tumor target over critical structures. Radiation physics 
and technology advancements such as IMRT, IGRT, and 
volume based planning are important for delivery of radiation 
precisely to the target, though this will not be discussed in this 
review. Knowledge of tumor target gained from tools such as 
Positron Emission Tomography helps define the target more 
accurately. Individualized radiation with isotoxicity prescription 
is a promising strategy. For traditional adaptive radiation plan, 
prescription dose is required to cover the whole GTV and CTV 
determined according to images simulated before therapy. To 
obtain the best LRC and OS from radiation, higher total dose 
while limiting total treatment duration less than six weeks and 
dosimetric factors such as V20 and MLD should be seriously 
considered especially for larger tumors ( diameter >5 cm). An 
ongoing European phase II PET-boost trial (ClinicalTrials.
gov Identifier: NCT01024829) randomises patients with 
stage IB-III NSCLC to dose-escalation starting from 66 Gy  
given in 24 fractions of 2.75 Gy with an integrated boost to 
either the entire primary tumour or to >50% of the maximum 
Standardised Uptake Volume (SUVmax) area of the primary 
tumor, while limiting MLD to 20 Gy. Preliminary results from 
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the first 20 randomised patients showed that this was feasible 
and did not exceed pre-defined normal tissue constraints. 
Recent studies from Kong et al. at University of Michigan (3) 
demonstrated that there is a significant decrease in tumor size 
and FDG activity after radiation dose of 45 Gy. According to this 
result, we could adapt targeting to the decreased tumor defined 
on FDG-PET/CT after 45 Gy with a fixed composite MLD limit 
of 20 Gy while allowing remarkable escalation of total dose to 
the tumor. Kong et al. have demonstrated that tumor volume 
reduces significantly more on FDG PET than on CT at 40-50 Gy  
(4-5 weeks during the course of fractionated RT) (77). Using 
the reduced volume identified on during-RT PET, dose to 
active and resistent tumor was significantly escalated while 
dose to the normal tissues were either reduced (due to adaptive 
shrinking fields) or unchanged (78). The ongoing RTOG1106 

trial (http://www.rtog.org/ClinicalTrials/ProtocolTable/
StudyDetails.aspx?study=1106) adopted this concept, and will 
use this approach to obtain FDG-PET/CT during the course 
of chemoradiation to adapt their plan to a tumor target smaller 
than that from before therapy to escalate dose to as high as 
80.4 Gy delivered in six weeks without increasing doses to the 
OARs. The total dose for each patient in the experimental arm 
will be determined by the dose corresponding to a MLD of 20 
Gy (equivalent to a 15-17% probability of grade >2 lung toxicity 
based on the current NTCP model). The study hypothesized 
that the during-treatment PET/CT-based adaptive therapy will 
allow us to dose escalate (i.e., raise the daily dose to the reduced 
target volume for the remainder of the treatment) in the majority 
of patients and meet the dose limits of normal structures, thus 
improving LRC without increasing normal tissue toxicity. This 

Table 1. Grade 5 events in reported clinical trials.

Trials
RT total  

dose (Gy)
Number  

of Fx
Number of 

patients
Grade  

5 events (%)
Chemoregimens

Dose escalation radiation with concurrent chemotherapy

RTOG 0617, Bradley et al., 2013 (56) 74 37 208 8.2 TC

60 30 216 3.2 TC

RTOG 9410, Curran et al., 2011 (71) 63 34 195 3.6 Vinblastine, cisplatin

69.6 58 382 1.8 EP

Salama et al., 2011 (11) 74 37 26 7.7 Gemcitabine, 
carboplatin

Uitterhoeve, 2007 (72) 66 24 56 1.8 cisplatin

Berghmans et al., 2009 (73) 66 33 48 6.3 Gemcitabien, cisplatin, 
vinorelbine

Movsas et al., 2005 (74) 69.6 58 242 1.2 TC

LAMP trial, Belani et al., 2005 (75) 63 34 166 1.8 TC

NPC 95-01, Fournel et al., 2005 (35) 66 33 100 10 EP

Conventional dose radiation concurrent with chemotherapy

RTOG 0617, Bradley et al., 2013 (56) 60 30 216 3.2 TC

Albain et al., 2009 (76) 61 NR 194 1.5 EP

SWOG S0023, Kelly et al., 2008 (34) 61 33 543 1.1 EP

NCCTG 90-24-51, NCCTG 94-24-52, Schild et al., 
2007 (65)

60 20 or 40 129 1.6 EP

Radiation alone

NCCTG 90-24-51, NCCTG 94-24-52, Schild et al., 
2007 (65)

60 20 or 40 37 2.7 —

JCOG9812, Atagi et al., 2005 (36) 60 30 23 4.3 —

ECOG, Clamon et al., 1999 (66) 60 30 120 1.7 —

RT, radiotherapy; EP, etoposide and cisplatin; TC, paclitaxel and carboplatin.



Kong et al. Radiation dose effect in non-small cell lung cancer344

will also allow us to use the lung dose limits to individualize 
adaptive dose escalation to residual active tumor regions 
and limit the incidence of pneumonitis and other toxicities 
simultaneously. 

 
Conclusions

In summary, there is a clear radiation dose effect in NSCLC 
patients. Although the benefit of high dose radiation has been 
demonstrated in early stage patients, the clinical benefit of high 
dose radiation in patients has been challenged by preliminary 
results from RTOG0617. Treatment related toxicity can be a 
major reason for failure of high dose radiation. Future study of 
radiation therapy may benefit from individualized radiation dose 
prescription based on the sensitivity of tumor and critical organs 
of each individual patient. Studies from Europe will individualize 
doses based on FDG intensity at baseline while limiting treatment 
duration to five weeks. RTOG1106, an ongoing randomized 
phase II study, will examine the effect of individualized adaptive 
radiation therapy (over an uniform 60 Gy) by targeting high dose 
radiation to most resistant tumor while keeping doses to critical 
structures strictly controlled in locally advanced NSCLC patients.
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