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Introduction

Non-small cell lung cancer (NSCLC) continues to be a 
leading cause of cancer deaths in Americans each year. 
Approximately 30% of patients initially present with stage 
III, locally advanced disease (1,2). Radiation therapy (RT) 

is an effective treatment for solid malignancies, and in lung 
cancer, the addition of concurrent chemotherapy results 
in better outcomes than sequential or either treatment 
alone (3-5). However, the advances in treatment outcomes 
from concurrent chemoradiation therapy (CRT) come 
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with increases in toxicity rates (3,4,6). Furthermore, 
avoiding toxicity during RT for thoracic tumors poses a 
unique set of difficulties due to tumor motion throughout 
the breathing cycle, the large number of adjacent organs 
at risk, and possible changes in patient anatomy due to 
variations in weight during the course of RT (7,8). These 
changes in tumor position and size during treatment can 
lead to inadequate tumor coverage (9), as well as larger RT 
doses to normal tissues, causing higher rates of toxicity 
(10,11). These problems justify the need for image-guided 
radiotherapy (IGRT), which may provide greater accuracy.

Technological advances including respiratory gating, 
four-dimensional  computed tomography (4DCT) 
simulation, motion management techniques (abdominal 
compression, respiratory gating, and the active breathing 
coordinator) and IGRT represent techniques developed 
with the intent of combating the difficulties associated 
with tumor motion and accurate localization. However, 
relatively few studies have fully evaluated the efficacy of 
these treatments. Therefore, we retrospectively reviewed 
our treatment data to assess the impact of RT-associated 
technological IGRT advances on overall survival and local 
progression among patients with NSCLC treated with 
CRT. We hypothesized that daily orthogonal kilovoltage 
(kV) image guidance would improve outcomes compared to 
standard of care weekly megavoltage (MV) image guidance 
for inoperable NSCLC treated with definitive CRT.

Methods

Patient population

We reviewed a cohort of 159 patients with histologically 
confirmed NSCLC that were treated between 1/2002 to 
9/2012 using an Institutional Review Board (IRB)-approved 
protocol for this retrospective review. All patients received 
definitive concurrent CRT. Patients who received cone beam 
computed tomography (CBCT) for image guidance (n=68) 
were excluded because the short median follow up time  
(11.8 months) in this subgroup was less than 12 months 
(range, 0.23–36.5 months), leaving 91 patient records to 
evaluate. We subsequently collected pertinent information 
on patient demographics, tumor characteristics, and 
treatment plans for patients included in the study. We 
included patients with stage II node positive (n=4) NSCLC 
who received definitive CRT. Additionally, we included 
patients with stage IV oligometastatic NSCLC (n=6), 
defined as those with a solitary extrathoracic metastasis, 

who received definitive CRT to the primary tumor and 
metastatic focus. We included these patients based on the 
knowledge that they may achieve long-term survival rates 
comparable to stage III NSCLC (12-14). 

Pre-treatment evaluation

Pre-CRT work-up included a complete history and physical 
examination, complete blood count, serum chemistry profile, 
chest X-ray, chest computed tomography (CT) scan, positron 
emission tomography (PET) (82% of patients) scan, and 
biopsy of mass or nodes. We based our clinical staging on the 
American Joint Committee on Cancer 6th-edition criteria (15).

Treatment planning

Patients were placed in a supine position with arms up to 
allow accurate reproducibility of the target lesion among 
treatment sessions. A large rigid mold was created for each 
patient. Planning target volumes (PTV) were 0.5 cm beyond 
the clinical target volume (CTV) for patients treated with 
4DCT and IGRT. For patients who did not undergo 4DCT 
simulation, PTV was 1 cm beyond the CTV. We used 
three dimensional conformal radiotherapy (3D-CRT) or 
intensity modulated radiation therapy (IMRT) to deliver 
the RT through anteroposterior fields first to 40 Gray (Gy) 
in 1.8 or 2 Gy per fraction per day followed by oblique 
fields to avoid the spinal cord for an additional 20–26 Gy to 
a typical total RT dose of 60–66 Gy. If patients presented 
with bilateral mediastinal lymph node involvement, then 
we employed IMRT either from the onset of RT or for 
the boost/off-cord component of the RT. Photon beams of  
6- or 15-MV energies were employed to deliver the RT. 
Tissue inhomogeneity was taken into account with the 
analytic anisotropic algorithm in the dose calculations of 
treatment planning. The radiation dose for the spinal cord was 
<50 Gy. The mean lung dose was <20 Gy, lung V5 <60–70%  
and lung V20 <37%. 

The typical chemotherapy regimen consisted of 
intravenous infusional drug delivery consisting of weekly 
paclitaxel (45 mg/m2) plus carboplatin (AUC =2) or 
etoposide days 1–5 and 29–33 (50 mg/m2) plus cisplatin 
day 1, 8, 29, and 36 (50 mg/m2). RT was delivered after 
the administration of chemotherapy. Both of these 
chemotherapy regimens were included based on the 
knowledge that they achieve similar survival results (16).

For RT administration, we imaged patients with either 
MV films weekly to ascertain portal field shapes as well 
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as patient position setup accuracy, or orthogonal kV films 
daily as part of IGRT. kV imaging was conducted daily, 
which was defined as at least four images per week. MV 
imaging consisted of weekly portal imaging of all the 
treatment fields. The kV imaging included in this study 
was only orthogonal kV imaging. No CBCT imaging was 
included as the median follow up for CBCT was thought 
to be insufficient (<12 months). Choice of imaging used 
was based on physician preference as three expert attending 
physicians were managing patients treated with definitive 
CRT for inoperable NSCLC. 

Statistical analysis

We conducted initial analyses of baseline characteristics 
(contingency tables) of patients using the Fisher exact 
test and their corresponding P values are presented. We 
first analyzed these data for the all patients, followed 
by comparisons of patients based on IGRT technique. 
Normality of continuous variables was assessed using the 
Shapiro-Wilks test. Normally distributed variables were 
compared using a t-test, while non-normally distributed 
variables were compared using the Wilcoxon signed rank 
test. We computed unadjusted Kaplan-Meier curves for 

product limit survival estimates and locoregional failure, 
defined from the end of CRT to the event of interest (death 
or locoregional failure) or last follow up time. These curves 
were stratified by IGRT technique. Log-rank tests were 
used to compare strata. We developed Cox Proportional 
Hazards models for overall survival and locoregional failure. 
The number of variables in the multi-variable models was 
determined based on the number of events of interest, 
which is 1 variable per 10 events. Variables with the lowest 
P values from univariate models were added to the multi-
variable model, however when P values were similar, 
variables with more clinical significance were included. 
However, not all significant variables were included in 
the multivariate analysis. In order for a variable to be a 
confounding factor, it should affect the association between 
the outcome and the main predictor (kV/MV status) as 
well as it should be correlated with outcome and the main 
predictor. Proportional hazard assumptions were checked by 
plotting Schoenfeld residuals. All analyses were conducted 
using SAS v9.3 (SAS Institute, Cary, NC) and the statistical 
level of significance was <0.05.

Results

Imaging technique frequency

Table 1 shows the frequency by which various imaging 
techniques were used in this patient population. Fifty-four 
percent (n=49) of patients received only weekly MV portal 
imaging during treatment, while 46% (n=42) underwent 
IGRT using orthogonal kV imaging. Twenty-three percent 
(n=21) of patients underwent 4DCT simulations, while 77% 
(n=70) of patients did not. 4DCT was also more common 
with kV imaging, mostly likely because 4DCT became 
available in 2011 at our institution. PET scan use was also 
more common in the kV group (P=0.02).

Baseline characteristics

Median fol low up t ime was  16.3 months  (range,  
0.3–139.2 months). Baseline characteristics according 
to IGRT technique are shown in Table 2. Mean age was  
65.9 (±10.7) years for the kV group and 63.5 (±13.0) years 
from the MV group (P=0.34). Median tumor volume was 
116.7 cm3 (range 0.73–1,245) in the kV group and 113.5 cm3 
(range, 0.86–903 cm3) in the MV group (P=0.53). Median 
RT dose was 6,300 cGy (range, 5,040–7,020 cGy) in the kV 
group and 6,400 cGy (range, 5,200–6,840 cGy) in the MV 

Table 1 Baseline treatment characteristics

Characteristic
kV (%);  

n=42 (46%)
MV (%);  

n=49 (54%)
P value

4DCT 21 (23.1) (0) <0.0001

Mediastinoscopy 11 (12.1) 11 (12.1) 0.67

PET 41 (48.2) 35 (41.2) 0.02

Pre RT chemo 14 (15.5) 22 (24.2) 0.26

Post RT chemo 9 (9.9) 15 (16.5) 0.32

Chemo

Carbo 2 (2.2) 3 (3.3) 0.27

Cis/Etop 7 (7.9) 9 (9.8)

Carbo/Taxol 33 (36.2) 33 (36.2)

Taxol 0 (0) 4 (4.4)

Tumor radiation dose (cGy)* 6,300 6,400 0.94

Tumor volume (cm3)* 116.7 113.5 0.53

Bronchoscopy 21 (23.1) 25 (27.5) 0.92

*, comparison of median value due to non-normality distribution. kV, 
kilovoltage; MV, megavoltage; 4DCT, four dimensional computed 
tomography; PET, positron emission tomography; RT, radiation 
therapy; Carbo, carboplatin; Cis, Cisplatin; Etop, etoposide. 
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group (P=0.94) (Table 1). Males had a higher distribution of 
treatment with MV imaging (P=0.05). The distribution of 
other clinical parameters showed no remarkable differences 
between the imaging groups (Table 2).

Impact of imaging technique on survival

Imaging with daily orthogonal kV’s was associated with a 
decreased risk of mortality on univariate analysis [hazard 
ratio (HR) 0.55; 95% CI (0.34–0.89); P=0.02] (Table 3).  
Median survival for patients who underwent daily orthogonal 
kV imaging was 36.4 months (95% CI (10.3–78.2)]  
compared to 14.9 months [95% CI (12.1–19.3); P=0.01] 
for those who underwent weekly MV imaging (Figure 1). 
On multivariate analysis (Table 4), when adjusting for RT 
dose, tumor volume, Pre RT chemotherapy, and histology, 
kV imaging demonstrated an association with decreased 
mortality [HR 0.59; 95% CI (0.35–0.99); P=0.04]. In this 
model, increasing tumor volume [HR 1.002; 95% CI 
(1.001–1.003); P=0.001] was associated with increased 
mortality, while adenocarcinoma histology [HR 0.24; 
95% CI (0.006–0.65); P=0.005] was associated with lower 
mortality. Stage IIIA disease imaged with kV (Figure S1), 
was associated with the longest survival [64.1 months; 
95% CI (32.4–78.2 months)] compared to kV stage IIIB  
[9.4 months; 95% CI (5.8–43.0 months)], MV stage IIIA 
[16.8 months, 95 CI (12.1–26.3 months)], and MV stage 
IIIB [13.4 months, 95% CI (8.8–22.6 months); P=0.03].

Impact of imaging technique on progression

Use of kV imaging also showed a marginal association 
with lower risk of locoregional failure. Median time to 
locoregional progression (Figure 2) in patients imaged with 
kV was 21.4 months [95% CI (8.3–71.2 months)] compared 
to 10.9 months [95% CI (5.3–14.9 months)] in patients 
imaged with MV (P=0.065). On multivariate analysis (Table 4),  
use of kV imaging was marginally associated with a lower 
risk of locoregional failure [HR 0.59; 95% CI (0.31–1.14); 
P=0.11].

Discussion

This study suggests that the use of kV image guidance 
associates with an improved OS and lower rates of 
locoregional failure. Given the similar RT techniques 
used between patients imaged with MV portal films and 
kV IGRT, we examined the differences between these 
imaging modalities that might explain the disparity in OS 
and disease control. The OS survival benefit of kV imaging 
probably stems from improvements in locoregional control. 
While distant metastasis probably plays a more important 
role in mortality in NSCLC, local failure is also a cause 
of increased mortality (17). One potential confounder in 

Table 2 Baseline patient characteristics

Characteristic kV (%); n=42 (46%) MV (%); n=49 (54%) P value

Age (years) 65.9± 10.7 63.5 ± 13.0 0.34

Sex

Male 19 (20.9) 32 (35.2) 0.05

Female 23 (25.3) 17 (18.6)

Race/ethnicity

Caucasian 35 (38.4) 42 (46.2) 0.90

Black 4 (4.4) 3 (3.3)

Hispanic 1 (1.1) 2 (2.2)

Asian 2 (2.2) 2 (2.2)

Histology

SCC 13 (14.3) 20 (22.0) 0.14

AdenoCa 24 (26.3) 28 (30.8)

Poorly diff 5 (5.5) 1 (1.1)

T stage

Tx 2 (2.2) 1 (1.1) 0.54

T1 5 (5.5) 4 (4.4)

T2 15 (16.4) 17 (18.7)

T3 10 (11.0) 16 (17.6)

T4 10 (11.0) 11 (12.1)

N stage

N1 6 (6.6) 5 (5.5) 0.33

N2 25 (27.5) 25 (27.4)

N3 11 (12.1) 19 (20.9)

Clinical stage

IIA 2 (2.2) 0 (0) 0.52

IIB 1 (1.1) 1 (1.1)

IIIA 18 (19.8) 18 (19.7)

IIIB 19 (20.9) 26 (28.6)

IV 2 (2.2) 4 (4.4)

ECOG PS

0 31 (34.1) 34 (37.4) 0.07

1 7 (7.7) 14 (15.3)

2 4 (4.4) 0 (0)

3 0 (0) 1 (1.1)

kV, kilovoltage; MV, megavoltage; SCC, squamous cell carcinoma; 
AdenoCa, adenocarcinoma; Poorly diff, poorly differentiated; ECOG 
PS, eastern cooperative oncology group performance status.
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these results is that kV imaging was used more frequently 
in more recent years when technological advances were 
available. Despite adjusting for these variables, such as  
PET scan and 4DCT, they may still have provided survival 
benefits to those patients for whom these technologies 
were employed.

There are several potential advantages to kV IGRT. 

Table 3 Univariate analysis for OS and LRF

Variable HR (95% CI) P value

OS

4DCT 0.81 (0.45–1.45) 0.47

kV 0.55 (0.34–0.89) 0.02

RT dose 1.0 (1.0–1.01) 0.11

ECOG score 1.26 (0.86–1.86) 0.24

Female 0.78 (0.49–1.25) 0.30

Tumor volume 1.002 (1.001–1.003) 0.0004

Age 1.01 (0.99–1.03) 0.33

Stage 3 0.98 (0.31–3.12) 0.97

Stage 4 1.37 (0.33–5.79) 0.66

PET scan 1.34 (0.61–2.94) 0.46

Pre RT chemo 0.70 (0.43–1.13) 0.14

Post RT chemo 0.91 (0.54–1.55) 0.74

Mediastinoscopy 0.65 (0.37–1.14) 0.13

Bronchoscopy 0.85 (0.53–1.34) 0.48

Cisplatin/Etop 0.92 (0.32–2.66) 0.88

Carbo/Taxol 0.77 (0.31–1.95) 0.58

Taxol 1.40 (0.37–5.29) 0.62

Adenocarcinoma 0.35 (0.14–0.84) 0.02

SCC 0.94 (0.39–2.27) 0.89

LRF

4DCT 0.74 (0.36–1.50) 0.40

kV 0.56 (0.30–1.05) 0.07

RT dose 1.001 (1.0–1.001) 0.06

ECOG 1.15 (0.64–2.10) 0.64

Female 0.92 (0.50–1.68) 0.78

Tumor volume 1.001 (1.0–1.002) 0.49

Age 0.98 (0.96–1.0) 0.14

Stage 3 0.85 (0.20–3.60) 0.82

Stage 4 0.73 (0.12–4.45) 0.73

PET 0.98 (0.40–2.38) 0.96

Pre RT chemo 0.68 (0.36–1.28) 0.23

Post RT chemo 1.70 (0.90–3.20) 0.10

Mediastinoscopy 0.36 (0.15–0.86) 0.02

Bronchoscopy 1.02 (0.55–1.87) 0.96

Cisplatin/Etop 1.01 (0.25–4.12) 0.72

Carbo/Taxol 0.84 (0.26–2.78 0.78

Taxol 0.33 (0.03–3.24) 0.34

Adenocarcinoma 0.19 (0.06–0.61) 0.005

SCC 0.56 (0.18–1.70) 0.30

OS, overall survival; LRF, locoregional failure; HR, hazard ratio; kV, 
kilovoltage; RT, radiation therapy; 4DCT, four dimensional computed 
tomography; ECOG PS, Eastern cooperative oncology group 
performance status; PET, positron emission tomography; Etop, 
etoposide; Carbo, Carboplatin; SCC, squamous cell carcinoma.

Figure 1 Overall survival stratified by image guidance technique 
imaging with daily orthogonal kV’s was associated with a longer 
median survival [36.4 months; 95% CI (10.3–78.2)] compared 
to weekly MV [14.9 months; 95% CI (12.1–19.3); P=0.01]. kV, 
kilovoltage; MV, megavoltage.
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Table 4 Fully adjusted multivariate analysis for OS and LRF

Variable HR (95% CI) P value

OS

kV 0.59 (0.35–0.99) 0.04

RT dose 1.0 (1.0–1.001) 0.61

Tumor volume 1.002 (1.001–1.003) 0.001

Pre RT chemo 0.71 (0.41–1.20) 0.20

Adenocarcinoma 0.24 (0.09–0.65) 0.005

SCC 0.51 (0.19–1.40) 0.19

LRF

kV 0.59 (0.31–1.14) 0.11

Adenocarcinoma 0.19 (0.06–0.65) 0.008

SCC 0.47 (0.14–1.56) 0.22

RT dose 1.0 (1.0–1.001) 0.34

OS, overall survival; LRF, locoregional failure; HR, hazard ratio; 
DF, distant failure; kV, kilovoltage; RT, radiation therapy; 4DCT, 
four dimensional computed tomography; SCC, squamous cell 
carcinoma.
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kV imaging is associated with lower radiation exposure 
compared to MV portal film verification because the 
radiation dose per kV image (0.01–0.1 cGy) is smaller than 
that of an MV image (1–5 cGy) (18). This allows IGRT 
with orthogonal kV imaging to be done daily as opposed to 
MV imaging, which is typically done weekly. Studies have 
demonstrated that the use of daily imaging results in optimal 
setup margins compared to weekly imaging (19,20). In 
lung cancer patients, less than daily image guidance results 
in 20–43% of fractions incurring setup errors of 5 mm  
or greater (20). However, when daily imaging was used, 
errors were reduced to 6% (20). 

Barney et al. compared daily shifts in prostate cancer 
patients treated with CBCT to kV imaging and found 
that daily shifts differ enough between the two modalities 
to effect target coverage in 25% of cases (21). Given that 
CBCT and kV imaging were done at similar time intervals 
in this study, there are probably other factors in addition 
to frequency at play causing daily kV imaging to result in 
improved outcomes compared to weekly MV imaging. One 
of these factors is that orthogonal kV imaging generally has 
better contrast and image quality than MV imaging. For 
example, Pisani et al found that interobserver alignment 
was more variable with MV imaging than kV imaging (22),  
which can lead to increased set up uncertainties (23). Song et al.  
also found that use of MV imaging associated with larger 
segmented volumes and increased variability in local 
delineation in prostate cancer patients (24). Enhanced 

image contrast for soft tissues with low to moderate imaging 
doses also allows for improved patient set up accuracy and 
alignment of the target volume within the reference frame 
of the treatment beam (25), which argues for the benefit 
of daily kV image guidance. Imaging with kV films also 
allows for better representation of bony structures and 
identification of objects such as fiducial markers (23), which 
can result in better patient outcomes. For example, kV 
imaging with fiducial markers translates to improvements 
in biochemical tumor control in high-risk prostate cancer 
patients (26).

Finally, from a technical aspect, oblique angled MV 
portal imaging and orthogonal kV imaging should 
theoretically lead to the same level of setup accuracy. 
However, in reality the levels of accuracy can be different 
(worse for oblique angled portal imaging setup). These 
differences in imaging may contribute to a larger setup 
uncertainty with MV imaging in addition to the differences 
caused by image quality between kV and MV images. 
Therefore, IGRT using kV orthogonal imaging can provide 
benefits of lower exposure, better visualization of anatomy, 
and may allow the clinician to reduce the PTV. Thus, the 
improved OS and disease control seen in this study with 
kV imaging is most likely due to improved treatment set up 
accuracy over MV portal imaging. 

Conclusions

In this study, the use of daily orthogonal kV imaging during 
CRT for inoperable NSCLC associated with better survival 
and disease control when compared to weekly standard of 
care MV imaging. The strength of the findings implies the 
need for larger confirmatory studies. Further study of these 
techniques remains necessary to better comprehend the 
impact of RT associated technological advances in patients 
with NSCLC treated with CRT.
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Figure 2 Locoregional progression stratified by image guidance 
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21.4 months [95% CI (8.3–71.2 months)] compared to 10.9 months  
[95% CI (5.3–14.9 months)] in patients imaged with MV (P=0.065). 
kV, kilovoltage; MV, megavoltage.
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Figure S1 Stage IIIA disease imaged with kV was associated with 
the longest survival [64.1 months; 95% CI (32.4–78.2 months)] 
compared to stage IIIB imaged with kV [9.4 months; 95% CI  
(5.8–43.0 months)], stage IIIA imaged with MV [16.8 months; 
95 CI (12.1–26.3 months)], and stage IIIB imaged with MV  
[13.4 months, 95% CI (8.8–22.6 months); P=0.03]. kV, kilovoltage; 
MV, megavoltage.
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