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Abstract The prognosis for patients with lung cancer is

poor with an average of 5-year overall survival rate of only

10–15 % taking all clinical stages together. The aim of this

study was to elucidate the impact of the radiotherapy reg-

imen on survival. Clinical data were collected from all the

Swedish Oncology Departments for 1,287 patients with a

diagnosed non-small cell lung cancer (NSCLC) subjected

to curatively intended irradiation (C50 Gy) during the

years 1990 to 2000. The included patients were identified

based on a manual search of all medical and radiation

charts at the oncology departments from which the indi-

vidual patient data were collected. Patients who did not

have a histopathological diagnosis date and/or death date/

last follow-up date as well as patients being surgically

treated were excluded from the study (n = 592). Thus, 695

patients were included in the present study. Patients who

received hyperfractionated radiotherapy (HR) had a higher

local control rate compared with patients receiving con-

ventional fractionation (CF) (38 vs. 49 % local relapse).

The difference in survival between the two radiotherapy

regimens was statistically significant in a univariate Cox

analysis (p = 0.023) in favor of HR. This significance was,

however, not retained in a multivariate Cox analysis

(p = 0.56). Thus, the possible beneficial effects of hyper-

fractionation are still unclear and need to be further

investigated in well-controlled prospective clinical trials,

preferably including systemic treatment with novel drugs.
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Introduction

The leading cause of cancer-related mortality worldwide is

lung cancer [1] with an average of 5-year overall survival

rate of only 10–15 % taking all clinical stages together [2].

Surgery is regarded as the treatment of choice for operable

patients in stages I–IIIA, and these patients display a better

5-year survival rate [3]. However, many patients present

with a locally advanced disease (stage IIIB) or comorbidities

rendering less than 20 % of them amenable to surgery [4].

Thus, curatively intended radiotherapy, alone or in combi-

nation with chemotherapy, in many cases offers the only

possibility of cure in localized NSCLC. Radical curatively

intended radiotherapy for NSCLC has during the past dec-

ades typically been given once daily five times a week in

daily fractions of 1.8–2.0 Gy to a total dose of 60–66 Gy

delivered to the primary tumor and metastatic lymph nodes

over a period of 6–7 weeks, whereas uninvolved mediasti-

nal lymph nodes have been treated electively with the same

fractionation with a total dose of 45 Gy [5, 6]. However,

despite a huge number of studies including accelerated

fractionation [7] and hypo- and hyperfractionation [8, 9]

with the aim of improving local control and survival with-

out increasing the risk for late complications, the optimal

radiotherapy regimen for the treatment of NSCLC remains

uncertain.

The aim of this study was to retrospectively investigate

a large cohort of patients with NSCLC, who have under-

gone curatively intended radiotherapy, to elucidate the

impact of the radiotherapy regimen on survival.

Materials and methods

The present study was performed in collaboration between

all the Swedish Oncology Departments. Data were col-

lected including all detectable patients with a diagnosed

NSCLC, based on a review of all the radiation charts at

each individual oncology department. All patients were

subjected to curatively intended radiotherapy (C50 Gy)

during the time period of 1990–2000. The study was

reviewed and approved by a research ethical committee

(Uppsala research ethics committee, Dnr 2005: 025). The

included patients were identified based on a manual search

of all radiation charts from which the individual patients

were identified and their medical charts retrieved. This

manual search was carried out by a reference group com-

posed of five oncologists, who visited all the oncology

departments and reviewed the charts together with the

medically responsible doctor for the treatment of lung

cancer at the specific site. Clinical data were collected from

all the Swedish Oncology Departments for 1,287 patients.

Patients who did not have a histopathological diagnosis

date and/or death date/last follow-up date as well as sur-

gically treated patients were then excluded. Information

regarding fractionation schedules was available for 695

patients, and these were included in the present analyses.

The following variables were investigated: age, gender,

time period, histopathology (defined as squamous cell

carcinoma, adenocarcinoma or other non-small cell histo-

pathology), stage (reevaluated by three of the authors based

on available information in the charts as well as based on

available X-ray investigations), all given treatment (first

line as well as subsequent treatment), radiotherapy regimen

(dose, fractionation), adverse effects of treatment, occur-

rence of relapse and cause of death.

Data were missing for some patients regarding some of

these variables. However, these patients were not excluded

from the study unless there was a lack of data required to

estimate survival. Unfortunately, this causes inconsisten-

cies among some of the frequencies accounted for in the

results section of this article.

Statistics

Patient characteristics at diagnosis were presented using

standard descriptive statistics.

Overall survival was analyzed with Kaplan–Meier

product-limit estimates. Survival curves for different cat-

egories were compared using the log-rank test. The follow-

up time was calculated from the date of diagnosis to death

or last follow-up until the end of 2008. Age was defined as

age at diagnosis.

Overall survival was also analyzed using Cox propor-

tional hazards regression models. Univariate and multi-

variate analyses were performed. The multivariate models

were adjusted by gender and age at diagnosis. Results were

presented as hazard ratios with 95 % confidence intervals

(95 % CI). In addition, p values were given where p \ 0.05

was regarded as statistically significant.

Results

Patient characteristics

Of the 695 patients, 233 (34 %) were women. The median

age and range was 65.0 (36–87) years. The dominating

histopathology was squamous cell carcinoma (n = 369,

55 %), followed by adenocarcinoma (n = 173, 26 %),

whereas the rest of the tumors were classified as other

NSCLC histopathology (n = 125, 19 %). The predominant

clinical stage was stage IIIb, which made up more than half

of the patient population (n = 308, 52 %). Mean radiation

dose and range given was 60.0 (50–74) Gy. Hyperfrac-

tionated radiotherapy (HR) was given to 105 patients
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(15 %), whereas the rest of the patients were treated with

conventional fractionation. For patients receiving HR, the

most common radiation regimen (given to 70 % of the

patients) was 1.7 Gy in 36 or 38 fractions (range

1.5–1.8 Gy in 27–40 fractions), whereas for CF, the most

common radiation regimens (given to 66 % of the patients)

were 2 Gy in 28 or 30 fractions or 1.8 Gy in 33 fractions

(range 1.5–2.5 Gy in 20–40 fractions). The total radiation

dose was on average higher in the HR group

(86 % C 60 Gy as compared with 59 % C 60 in the CF

group), whereas the radiation field size was similar in both

groups. Chemotherapy (induction and/or concomitant) was

given more often to patients receiving HR. The difference

was most pronounced for induction chemotherapy which

was given to 53 (50 %) of the patients in the HR group, as

compared with 74 (13 %) of the patients in the CF group.

Among the adverse effects of treatment investigated

(hoarseness, esophagitis, mucositis, radiation pneumonitis),

esophagitis was the most prevalent as it was described in

276 (40 %) of the patients. Radiation pneumonitis was

described in 94 (14 %) of the patients, whereas mucositis

and hoarseness occurred in 57 (8 %) and 24 (3 %) patients,

respectively. Esophagitis was more common in patients

receiving HR than in patients who received CF (61 and

36 %, respectively), whereas radiation pneumonitis was

less common with HR (8 and 15 %, respectively). Che-

motherapy was given to a total of 194 (28 %) of 681

patients; of these 194 patients, 67 (35 %) received it only

concomitantly with radiation treatment and 78 (40 %) were

given it in a neoadjuvant setting only. Furthermore, 49

(25 %) patients were given both concomitant and induction

chemotherapy. Relapse (distant or local) occurred in 484

(82 %) of 588 patients, with no difference between patients

receiving HR and CF. However, when considering only

local relapse in the previously irradiated area, local relapse

was less common in the group receiving HR than in the CF

group (38 and 49 %, respectively). Regarding the occur-

rence of distant relapse (CNS, liver, skeleton, lung and sites

defined as ‘‘other’’), there was no major difference between

patients receiving HR and patients treated with CF. In the

second-line setting, 113 (16 %) of 695 patients received

chemotherapy. For the 520 patients, where information

concerning cause of death was available, 490 (94 %) died

from lung cancer, while 30 (6 %) died due to other causes.

A summary of patient characteristics, given treatment,

occurrence of relapse and cause of death is provided in

Tables 1, 2.

Survival and radiotherapy regimen

The estimated median overall survival of all 695 patients

was 12.0 months (95 % CI: 11.2–13.0 months), and the

5-year survival rate was estimated to 5.0 %. When com-

paring patients receiving HR to those receiving CF, the

latter group had a significantly poorer overall survival

(p = 0.022, log-rank test). The estimated median overall

survival for patients receiving HR was 14.6 months (95 %

CI: 11.4–19.4 months) and for patients who received CF

it was 11.7 months (95 % CI: 11.0–12.7 months). The

5-year survival rate was estimated to 10.5 and 4.0 % for

patients receiving HR and CF, respectively. The survival

for patients with HR and CF, respectively, is shown in

Fig. 1.

When comparing fraction size, patients receiving

\2.0 Gy per fraction had a significantly better survival

than those receiving C2.0 Gy per fraction (p = 0.038, log-

rank test). Furthermore, when comparing fraction size with

and without hyperfractionation, it was shown that patients

who were given HR in fractions of \2.0 Gy had a signif-

icantly better overall survival than patients given CR

(p = 0.046, log-rank test), irrespectively of fraction size

for CR. (see Figs. 2, 3).

When comparing total radiation dose, patients receiving

C60 Gy had a significantly better overall survival than

those receiving \60 Gy (p \ 0.0085, log-rank test). When

comparing total radiation dose with and without hyper-

fractionation, there was a significant difference among

groups (p = 0.018, log-rank test) indicating that patients

who were given HR in a total dose of C60 Gy had a better

overall survival than patients in the other groups (see

Figs. 4, 5).

When comparing patients who had not been given

chemotherapy in a neoadjuvant or concomitant fashion in

addition to HR or CF radiotherapy, we found a tendency

for a better median overall survival and 5-year survival rate

for patients who received HR (14.6 months and 8.5 %,

respectively) compared to those who received CF

(11.5 months and 3.5 %, respectively). The difference was,

however, not statistically significant (p = 0.15, log-rank

test). The same tendency in favor of HR was found when

comparing patients who had been treated with chemo-

therapy in a neoadjuvant or concomitant fashion in addition

to HR or CF radiotherapy. Median overall survival and

5-year survival rate were 15.8 months and 12.3 %, respec-

tively, for patients who received HR, and 12.7 months and

5.4 %, respectively, for the group receiving CF. However,

this difference did not, however, reach statistical signifi-

cance (p = 0.16, log-rank test). The survival for patients

with HR and CF, with and without the addition of chemo-

therapy, is shown in Figs. 6, 7. When comparing patients in

different stages receiving HR and CF, there was a tendency

toward better survival for HF in stages III–IV, although the

improvement was only borderline statistically significant

(p = 0.059). Median overall survival and 5-year survival
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Table 1 Patient characteristics
All patients Hyperfractionated

radiotherapy (HR)

Conventional

fractionation (CF)

Gender

Male 462 (66 %) 66 (63 %) 396 (67 %)

Female 233 (34 %) 39 (37 %) 194 (33 %)

Age

\55 years 123 (18 %) 21 (20 %) 102 (17 %)

55–64 years 202 (29 %) 32 (30 %) 170 (29 %)

65–74 years 268 (39 %) 31 (30 %) 237 (40 %)

C75 years 102 (15 %) 21 (20 %) 81 (14 %)

Histopathology

Adenocarcinoma 173 (26 %) 30 (33 %) 143 (25 %)

Squamous cell carcinoma 369 (55 %) 47 (52 %) 322 (56 %)

Other 125 (19 %) 14 (15 %) 111 (19 %)

Missing 28 14 14

Time period

1990–1995 312 (45 %) 40 (38 %) 272 (46 %)

1996–2000 382 (55 %) 65 (62 %) 317 (54 %)

Missing 1 0 1

Stage

IA 13 (2 %) 3 (3 %) 10 (2 %)

IB 43 (7 %) 8 (8 %) 35 (7 %)

IIA 1 (0.1 %) 1 (1 %) 0 (0 %)

IIB 76 (13 %) 15 (15 %) 61 (12 %)

IIIA 124 (21 %) 19 (19 %) 105 (21 %)

IIIB 308 (52 %) 52 (51 %) 256 (52 %)

IV 33 (6 %) 3 (3 %) 30 (6 %)

Missing 97 4 93

Relapse (distant or local)

Yes 484 (82 %) 79 (82 %) 405 (82 %)

No 104 (18 %) 17 (18 %) 87 (18 %)

Missing 107 9 98

Local relapse

Yes 207 (47 %) 29 (38 %) 178 (49 %)

No 233 (53 %) 47 (62 %) 186 (51 %)

CNS relapse

Yes 109 (23 %) 15 (19 %) 94 (23 %)

No 375 (77 %) 64 (81 %) 311 (77 %)

Liver relapse

Yes 41 (8 %) 6 (8 %) 35 (9 %)

No 443 (92 %) 73 (92 %) 370 (91 %)

Skeletal relapse

Yes 114 (23 %) 20 (25 %) 94 (23 %)

No 370 (77 %) 59 (75 %) 311 (77 %)

Lung relapse

Yes 232 (48 %) 34 (43 %) 198 (49 %)

No 252 (52 %) 45 (57 %) 207 (51 %)

Other site relapse

Yes 99 (20 %) 12 (15 %) 87 (21 %)

No 385 (80 %) 67 (85 %) 318 (79 %)

Cause of death

Lung cancer 490 (94 %) 78 (96 %) 412 (94 %)

Other 30 (6 %) 3 (4 %) 27 (6 %)

Missing 175 24 171
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rate in stages III–IV were 15.2 months and 10.8 %, respec-

tively, for patients who received HR, and 11.5 months and

4.9 %, respectively, for the group receiving CF. The survival

for patients in stages I–II and III–IV treated with HR and CF,

respectively, is shown in Figs. 8, 9. Estimated median sur-

vival and 5-year survival rate for different subgroups are

presented in Table 3.

Univariate Cox analyses showed that the variables his-

topathology (SCC), stage, fraction size, total radiation dose

and hyperfractionation were statistically significantly

associated with survival, while gender, age and time period

were not. Chemotherapy was only borderline significant

(p = 0.081) (Table 4).

A multivariate Cox analysis was performed including

age and gender as well as the statistically significant vari-

ables mentioned above. Also, chemotherapy was included.

Table 2 Summary of given

treatment and adverse effects

a Induction and/or concomitant

chemotherapy

All patients Hyperfractionated

radiotherapy (HR)

Conventional

fractionation (CF)

Total radiation dose

\60 Gy 259 (37 %) 15 (14 %) 244 (41 %)

C60 Gy 436 (63 %) 90 (86 %) 346 (59 %)

Fraction size

\2.0 Gy 226 (33 %) 101 (100 %) 125 (21 %)

C2.0 Gy 464 (67 %) 0 (0 %) 464 (79 %)

Missing 5 4 1

Radiation field size

\150 cm2 190 (29 %) 33 (32 %) 157 (28 %)

150–250 cm2 267 (40 %) 34 (33 %) 233 (42 %)

[250 cm2 203 (31 %) 35 (34 %) 168 (30 %)

Missing 35 3 32

Any first-line chemotherapya

Yes 194 (28 %) 57 (55 %) 137 (24 %)

No 487 (72 %) 47 (45 %) 440 (76 %)

Missing 14 1 13

Concomitant chemotherapy

Yes 116 (17 %) 27 (26 %) 89 (15 %)

No 565 (83 %) 77 (74 %) 488 (85 %)

Induction chemotherapy

Yes 127 (18 %) 53 (50 %) 74 (13 %)

No 568 (82 %) 52 (50 %) 516 (87 %)

Adverse effects

Hoarseness 24/695 (3 %) 2/105 (2 %) 22/590 (4 %)

Esophagitis 276/695 (40 %) 64/105 (61 %) 212/590 (36 %)

Mucositis 57/695 (8 %) 12/105 (11 %) 45/590 (8 %)

Radiation pneumonitis 94/695 (14 %) 8/105 (8 %) 86/590 (15 %)

Second-line chemotherapy

Yes 113 (16 %) 21 (20 %) 92 (16 %)

No 582 (84 %) 84 (80 %) 498 (84 %)

Fig. 1 Overall survival for patients treated with conventional frac-

tionation and hyperfractionated radiotherapy, respectively
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In this analysis, stage and histopathology were still found

to be significantly associated with survival. Here, chemo-

therapy was also shown to be independently associated

with better survival, whereas fraction size, total radiation

dose and hyperfractionation lost their statistical signifi-

cance (Table 5).

Fig. 3 Overall survival for patients treated with fractions of\2.0 and

C2.0 Gy with and without hyperfractionation

Fig. 4 Overall survival for patients treated with a total radiation dose

of \60 and C60 Gy

Fig. 5 Overall survival for patients treated with a total radiation dose

of \60 and C60 Gy with and without hyperfractionation

Fig. 6 Overall survival for patients treated with radiotherapy alone

with and without hyperfractionation

Fig. 7 Overall survival for patients treated with radiochemotherapy

with and without hyperfractionation

Fig. 2 Overall survival for patients treated with fractions of\2.0 and

C2.0 Gy
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Discussion

Radiotherapy is a key component of curatively intended

treatment of locally advanced and otherwise medically

inoperable NSCLC. However, the prognosis for these

patients remains still poor despite numerous attempts of

refining the radiotherapy regimen as well as adding che-

motherapy to the treatment [8].

In the present study, we show that there is a survival benefit

for patients receiving HR as compared to patients receiving CF.

This benefit was retained when comparing patients receiving

only fractions of\2.0 Gy and total doses[60 Gy suggesting

that the benefit of HR is independent of fraction size and total

dose. Also, there is a survival benefit for patients receiving HR

both when comparing patients receiving radiotherapy alone as

well as when comparing patients receiving chemoradiotherapy

in addition to radiotherapy. Due to the limited number of

patients in these groups, the survival benefit did not, however,

prove to be statistically significant. In a univariate Cox analysis,

patients treated with HR had a statistically significantly better

overall survival, but this survival benefit was not retained in a

multivariate Cox analysis. The analysis did not show hyper-

fractionation to be independently associated with a better sur-

vival when simultaneously taking into account other prognostic

factors, such as stage and chemotherapy, thus suggesting a

more complex picture with possible confounding factors. It is

worth noting that there were a higher percentage of patients in

the HR group that received chemotherapy. Moreover, patients

in the HR group received higher total radiation doses.

The strength of the present study is the size of the cohort and

its population-based character, as well as the review of indi-

vidual charts with a long follow-up period. All patients diag-

nosed with NSCLC and given curatively intended radiotherapy

during 1990–2000 in a well-defined geographical area with a

common health care system (Sweden) were included. A total of

695 patients with fractionation data were included in the

analyses which makes it one of the largest studies in which

individual data have been collected retrospectively in non-

operated patients receiving curatively intended radiation

treatment. However, there are some limitations with the present

study setting. The TNM classification was based on the avail-

able imaging techniques during the different time intervals.

Thus, there may be a stage migration with time and more

sensitive staging techniques. Moreover, the majority of patients

were not autopsied, especially among the elderly patient pop-

ulation, and thus, the cause of death might not have been

thoroughly investigated. The specimens that were used at the

time for histological classification of the patients in the present

study were never reviewed for a second opinion. Also, there

were missing values for some of the explanatory variables,

which might have lead to a selection bias.

In hyperfractionated radiotherapy, the dose per fraction is

reduced to below 1.8 Gy and a larger number of doses are

given, which allows an escalation of the total dose given to the

patient. In clinical practice, hyperfractionation is usually

given as two daily fractions (b.i.d.) of 1.1–1.3 Gy, up to a total

dose of 60–79.2 Gy [7, 9]. The radiobiological rationale

behind the concept of hyperfractionation is based on

exploiting the different capacity of tumor cells and the sur-

rounding late responding normal tissue to recover from sub-

lethal radiation damage [10]. Some small phase III trials that

have randomized NSCLC patients into groups receiving

either conventional radiotherapy or hyperfractionated radio-

therapy have yielded promising results with 2-year overall

survival rates in favor of hyperfractionated radiotherapy

[11, 12]. In the RTOG 88-08/Eastern Cooperative Oncology

Group (ECOG) 4588 randomized phase III trial, hyperfrac-

tionation to 69.6 Gy was compared with conventional frac-

tionation to 60 Gy in a total of 306 patients with stage II–IIIB

NSCLC [13]. The median survival was 11.4 months after

conventional fractionation and 12.3 months after hyperfrac-

tionation, a difference which was not statistically significant.

Fig. 9 Overall survival for patients in stages III–IV with and without

hyperfractionation

Fig. 8 Overall survival for patients in stages I–II with and without

hyperfractionation
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In the randomized phase III CHARTWEL trial by Baumann

et al., the authors compared continuous hyperfractionated

accelerated radiotherapy (60 Gy/40 fractions/2.5 weeks) with

conventional fractionation (66 Gy/33 fractions/6.5 weeks)

and found no statistically significant overall survival differ-

ence after 2, 3 and 5 years [14]. However, there was a sig-

nificant trend for improved loco-regional control after

CHARTWEL compared to CF with increasing UICC, T or N

stage. In order to combine a shortening of the overall time of

radiotherapy and a reduction in dose per fraction, accelerated

hyperfractionated radiotherapy schedules were developed [9].

In continuous hyperfractionated accelerated radiotherapy

(CHART), a total of 54 Gy is given in 36 fractions over 12

consecutive days including the weekend with a 6-h interval. In

a large multicenter randomized controlled trial, CHART was

compared with conventional radiotherapy given up to 60 Gy,

and the results showed a significant survival improvement

with CHART, giving a 2-year survival probability of 30 % for

those treated with CHART as compared with 21 % for the

conventional fractionation group [15]. The question whether

chemotherapy in addition to hyperfractionated radiotherapy

could provide a survival benefit was addressed in a prospec-

tive randomized trial by Jeremec et al. [16]. The authors

showed that HR combined with concomitant chemotherapy

offered significantly higher 5-year survival rates than HR

alone (46 vs. 25 %). This is in line with the results from the

present study although the difference did not reach statistical

significance. A meta-analysis on nine randomized trials

comparing modified radiotherapy (accelerated, hyperfrac-

tionated or both) to CF (one 1.8- to 2-Gy fraction per day,

5 days a week) in patients with non-metastatic lung cancer

showed that modified fractionation improved overall survival

compared to conventional RT (hazard ratio 0.87) with 3 %

[17]. Among the radiotherapy-associated adverse effects, we

found that esophagitis was more prevalent in the HR group,

whereas radiation pneumonitis was more common in the

patients receiving CF. This is in line with the results from the

ECOG 2597 study where grade 3–4 esophageal toxicity was

more common in the HR group (25 vs. 16 % in the CF group)

while grade 3–4 pulmonary toxicity was only observed in the

CF group (11 % of the patients) [18]. However, due to the

difficulty of obtaining an accurate assessment of adverse

effect in a retrospective fashion, the present results have to be

interpreted carefully. Despite controversial results from the

small number of phase III studies that have addressed this

issue, radiobiological data indicate that there is reason to

believe that hyperfractionation may improve survival in

NSCLC, at least in a subgroup of patients [10]. In this large

Table 3 Estimated median survival and 5-year survival rate for different subgroups

Strata N Median survival

(95 % CI), months

p value,

log-rank

test

5-year

survival

rate, %

Standard

error of

survival rate

All patients 695 12.0 (11.2–13.0) – 5.0 0.0084

HR 105 14.6 (11.4–19.4) 0.022 10.5 0.030

CF 590 11.7 (11.0–12.7) 4.0 0.0082

Fraction \2.0 Gy 226 13.1 (11.3–15.0) 0.038 7.5 0.018

Fraction C2.0 Gy 468 11.6 (10.7–12.7) 3.9 0.0090

Fraction \2.0 Gy (HR) 101 14.6 (11.8–19.1) 0.046 10.9 0.031

Fraction \2.0 Gy (CF) 125 11.9 (10.0–13.7) 4.8 0.019

Fraction C2.0 Gy (CF) 464 11.6 (10.7–12.7) 3.9 0.0091

Total dose \60 Gy 259 10.7 (9.6–12.3) 0.0085 2.9 0.011

Total dose C60 Gy 436 12.8 (11.7–14.2) 6.3 0.012

Total dose \60 Gy (HR) 15 10.6 (1.6–21.5) 0.018 6.7 0.064

Total dose C60 Gy (HR) 90 15.2 (12.2–19.4) 11.1 0.033

Total dose \60 Gy (CF) 244 10.7 (9.5–12.3) 2.6 0.010

Total dose C60 Gy (CF) 346 12.2 (11.2–13.5) 5.0 0.012

Radiotherapy only (HR) 47 14.6 (8.1–21.5) 0.090 8.5 0.041

Radiotherapy only (CF) 440 11.5 (10.4–12.5) 3.5 0.0089

Chemoradiotherapy (HR) 57 15.8 (11.8–19.7) 12.3 0.044

Chemoradiotherapy (CF) 137 12.7 (11.0–14.9) 5.4 0.019

Stage I–II (HR) 27 10.9 (7.36–22.0) 0.27 11.1 0.061

Stage I–II (CF) 106 12.3 (10.6–15.3) 1.9 0.013

Stage III–IV (HR) 74 15.2 (12.5–20.0) 0.059 10.8 0.036

Stage III–IV (CF) 391 11.5 (10.5–12.7) 4.9 0.011
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retrospective study, we show that there seems to be a local

control benefit associated with hyperfractionated radiotherapy

as compared with conventional fractionation in patients with

NSCLC. However, whether HR also yields an improved

survival in these patients warrants further investigation in

future prospective clinical trials.
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