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Summary
The current study identified
performance status, total radiation dose, and gross tumor
volume (GTV) as significant
univariate predictors of
180-day survival. Pulmonary
function (forced expiratory
volume in 1 second [FEV1],
defined as the ratio of FEV1
to forced vital capacity
[FVC]) emerged as the
dominant multivariate predictor of 180-day survival
after adjusting for N stage,
tumor volume, and
maximum esophagus dose. A
2-class prognostic recursive
partitioning analysis risk
stratification system based
on poor pulmonary function
(FEV1 <80%) in conjunction
with larger tumor volumes
(GTV 100 cm3) predicted
for worse prognosis at
180 days after radiation
therapy.
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Purpose: Concurrent chemoradiation therapy (con-CRT) is recommended for fit patients with locally advanced non-small cell lung cancer (LA-NSCLC) but is associated
with toxicity, and observed survival continues to be limited. Identifying factors associated with early mortality could improve patient selection and identify strategies to
improve prognosis.
Methods and Materials: Analysis of a multi-institutional LA-NSCLC database consisting of 1245 patients treated with con-CRT in 13 institutions was performed to identify factors predictive of 180-day survival. Recursive partitioning analysis (RPA) was
performed to identify prognostic groups for 180-day survival. Multivariate logistic
regression analysis was used to create a clinical nomogram predicting 180-day survival based on important predictors from RPA.
Results: Median follow-up was 43.5 months (95% confidence interval [CI]: 40.348.8) and 127 patients (10%) died within 180 days of treatment. Median, 180-day,
and 1- to 5-year (by yearly increments) actuarial survival rates were 20.9 months,
90%, 71%, 45%, 32%, 27%, and 22% respectively. Multivariate analysis adjusted
by region identified gross tumor volume (GTV) (odds ratio [OR] 100 cm3: 2.61;
95% CI: 1.10-6.20; PZ.029) and pulmonary function (forced expiratory volume in
1 second [FEV1], defined as the ratio of FEV1 to forced vital capacity [FVC]) (OR
<80%: 2.53; 95% CI: 1.09-5.88; PZ.030) as significant predictors of 180-day survival. RPA resulted in a 2-class risk stratification system: low-risk (GTV <100 cm3
or GTV 100 cm3 and FEV1 80%) and high-risk (GTV 100 cm3 and FEV1
<80%). The 180-day survival rates were 93% for low risk and 79% for high risk, with
an OR of 4.43 (95% CI: 2.07-9.51; P<.001), adjusted by region. A clinical nomogram
predictive of 180-day survival, incorporating FEV1, GTV, N stage, and maximum
esophagus dose yielded favorable calibration (R2 Z 0.947).
Conclusions: This analysis identified several risk factors associated with early mortality and suggests that future research in the optimization of pretreatment pulmonary
function and/or functional lung avoidance treatment may alter the therapeutic ratio
in this patient population. Ó 2016 Elsevier Inc. All rights reserved.

Introduction
Concurrent chemoradiation therapy (con-CRT) is guideline
recommended as the preferred treatment for selected, fit
patients with locally advanced non-small cell lung cancer
(LA-NSCLC) (1, 2). It results in a typical median survival
of approximately 18 to 28 months, at the cost of a treatment
duration of approximately 6 to 8 weeks and a risk of
esophageal and lung toxicity, both of which can result in a
substantial symptom burden and incur additional healthcare
costs (1-3). In some patients, toxicity is severe enough to be
fatal (3). Although sequential chemoradiation therapy
(seq-CRT) is a less toxic option, it fell out of favor after
randomized clinical trials and a meta-analysis reported a
survival advantage with con-CRT (3, 4). Nevertheless, lung
cancer patient populations receiving con-CRT have been
observed to have mortality rates as high as 20% and 40% at
6 and 12 months, respectively, in some cases (4).
Therefore, some patients treated using con-CRT are
likely exposed to higher rates of toxicity for little benefit. If
patients at high risk of early death could be identified
before starting treatment, then they could potentially be
offered less toxic and more individualized therapy. In

addition, if factors associated with early death could be
identified, then therapeutic strategies to minimize the
chance of a patient developing these factors might represent
opportunities to improve prognosis. Therefore, the primary
aim of this retrospective analysis was to identify and
organize (into risk stratification groups and a clinical
nomogram) clinically relevant parameters associated with
early mortality at 180 days after the application of con-CRT
for patients with LA-NSCLC.

Methods and Materials
The current study was performed using a multiinstitutional, international collaborative database, created
for the purpose of further understanding the relationships
between clinical, tumor, and dosimetric predictive factors,
development of radiation pneumonitis and radiation
esophagitis, and survival outcomes (5-7). The individual
patient retrospective database used for this study consists of
data from 13 institutions (nZ1274). Institutional Research
Ethics Board approval was obtained for this investigation.
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Patients were considered eligible if they were treated for
stage III LA-NSCLC and received radical intent con-CRT
using 3-dimensional (3D) conformal radiation therapy or
intensity modulated radiation therapy with a biological
effective dose (BED) calculated with an a/b ratio of 10
equivalent to 60 Gy delivered in 25 fractions. Neoadjuvant and/or adjuvant chemotherapy was allowed. Patients were excluded if they received surgical resection, had
stage I to II or IV disease, small cell histology, were treated
with palliative intent con-CRT, or were missing survival
data.
Primary endpoint for this study was 180-day survival
(death) defined as death occurring 180 days from initiation of radiation therapy or censored if death occurred
>180 days from initiation of radiation therapy. Patients
were coded as missing if they were censored <180 days
from initiation of radiation therapy and excluded from
further analysis (nZ29), which resulted in 1245 patients
remaining for final analysis. The secondary endpoint for
this study was overall survival (OS), defined as time from
initiation of radiation therapy to date of last follow-up and/
or death, whichever came first. Acute radiation esophagitis
and radiation pneumonitis toxicity grading were scored
according to either Common Terminology Criteria for
Adverse Events (CTCAE, version 3 or 4) or Radiation
Therapy and Oncology Group (RTOG) scale consistent
with previous analyses (5, 6). The volume of lung considered as the organ at risk (OAR) was defined as the total
lung volume minus the gross tumor volume (ie, “total
lungeGTV”). For patients whose lung volume receiving
>Z 20 Gy (V20) were available only by use of the definition of lung OAR as total lung minus planning target
volume (ie, “total lungePTV”), the corresponding “total
lungeGTV” values were calculated by imputation based on
a linear relationships between the 2 definitions, which was
found to be a good fit, with R2 Z 0.988. A total of 228
patients (39%) were imputed using this method. GTV was
defined as a composite volume incorporating both primary
tumor GTV and nodal GTV.

Statistical analysis
Descriptive statistics were generated for baseline patient,
tumor, and treatment characteristics for all patients
(nZ1245). Univariate logistic regression analysis was
performed to identify significant (P<.05) and nonsignificant (P<.30) predictors of 180-day survival (death),
removing variables with no observed association with 180day survival (P>.30) from further consideration. Recursive
partitioning analysis (RPA) was performed using the binary
function (yes/no) for 180-day survival based on remaining
eligible predictors (P<.30). Variables were sequentially
removed according to the R-based variable importance algorithm, which calculates a numerical value for each factor
to indicate strength of risk partitioning ability. Default
settings were used (minimum number of 20 observations in
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a node required to enable further splitting), followed by
trimming of less important downstream branches as
needed. Cutpoints were rounded to represent more clinically meaningful values. Kaplan-Meier estimates of OS
were generated for all patients (nZ1245) and stratified by
RPA risk group systems for 180-day survival, compared
using the log-rank test.
Multivariate logistic regression analysis was performed
based on important predictors identified from RPA and used
to develop a clinical nomogram to calculate individual
patient-level probability estimates for 180-day survival
according to each patient’s particular combination of
baseline characteristics. Nomogram validation was performed by calibration plots of nomogram-predicted 180day survival probability compared to observed 180-day
survival respectively, evaluated using the R2 statistic.
Additionally, all reported odds ratios were adjusted by region. All statistical analysis was performed using SAS
version 9.4 software (SAS institute, Cary, NC) and the R
language environment for statistical computing version
3.1.3 (open source; www.r-project.org), using 2-sided statistical testing at the .05 significance level.

Results
Individual patient data were available for 1245 patients
from 13 institutions, consisting of patients treated in
Europe (nZ736 [59%]), North America (nZ206 [17%]),
and Asia (nZ226 [18%]) and from 1 multicenter study
(nZ77 [6%]). Baseline patient characteristics are summarized in Table 1.
Patient deaths were observed in 844 of 1245 patients
(68%), with 127 (10%) occurring within 180 days of start of
radiation therapy. Acute radiation esophagitis (any grade)
was reported in 761 patients (84%), 158 (18%) with grade 3
and 8 (0.9%) with grade 4. No esophagitis-related deaths
were reported. Radiation pneumonitis was reported in 409
patients (56%), 51 (7%) with grade 3 and 4 (0.5%) with grade
4. Thirteen pneumonitis-related deaths (2%) were observed,
5 occurring within 180 days, 6 occurring between 180 days
and 1 year, and 2 occurring >1 year from treatment. Median
actuarial follow-up was 43.5 months (95% confidence interval [CI]: 40.3-48.8 months). Median, 180-day, and 1-year
to 5-year actuarial survival rates were 20.9 months, 90%,
71%, 45%, 32%, 27%, and 22% respectively (Fig. 1A).
Results from univariate logistic regression for 180-day
survival adjusted by region (Table 2) identified poor performance status (odds ratio [OR] predicting death: 2.84;
95% CI: 1.27-6.32; PZ.011), total radiation dose (OR per
5-Gy increase: 0.75; 95% CI: 0.63-0.90; PZ.002) and GTV
(OR: 100 cm3, 2.53; 95% CI: 1.53-4.18; P<.001) as
significant predictors of 180-day survival. Multivariate
analysis adjusted by region identified GTV (OR:
100 cm3: 2.61; 95% CI: 1.10-6.20; PZ.029) and pulmonary function (forced expiratory volume in 1 second
[FEV1], defined as the ratio of FEV1 to forced vital capacity
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Baseline tumor, patient, and treatment characteristics for all patients (nZ1245)
Characteristic

N

Mean  SD/median (range) age (y)
No. of males (%)
No. of patients with stage shown (%)
3a
3b
3 (not specified)
No. of patients with T stage shown (%)
T1
T2
T3
T4
No. of patients with N stage shown (%)
N0
N1
N2
N3
Mean  SD/median (min, max) gross tumor volume (cm3)
No. of patients with tumor lobe location as indicated (%)
Lower
Middle
Upper
No. of patients with histology type as indicated (%)
Adenocarcinoma
Squamous
Large cell
Not otherwise specified
No. of current or former smokers (%)
Mean  SD/median (min, max) FEV1%
No. of patients with good performance status (%)*
Median treatment year (min, max):
No. of patients within treatment year shown (%)
1995-1999
2000-2003
2004-2007
2008-2010
Patients receiving concurrent chemotherapy (%)
Platinum-based þ etoposide
Platinum-based þ taxane
Other platinum-based chemotherapy
Not otherwise specified
Mean  SD/median (min, max) total radiation dose (Gy)

1243
1067

Median no. of fractions (min, max):
Mean  SD/median (min, max) dose per fraction (Gy)
Mean  SD/median (min, max) esophagus maximum
dose (Gy)
mean  SD/median (min, max) lung V20 (%)
No. of patients with esophagitis grades shown (%)
0
1
2
3
4

All Patients (nZ1245)
62.14  9.07/62.92 (32.00-84.58)
787 (73.8)

1160

366 (31.6)
650 (56.0)
143 (12.3)

1075

103
291
248
433

1081

110
40
636
295
135.18  145.78/85.07

745
771

1245

495
532
674
688
688

1087

1245
1245
1245
505
582

902

(9.6)
(27.1)
(23.1)
(40.3)
(10.2)
(3.7)
(58.8)
(27.3)
(1.68, 1310.00)

179 (23.2)
47 (6.1)
545 (70.7)
289
338
145
473
450
79.34  19.61/79.50
636
2005
100
188
255
145

(23.2)
(27.2)
(11.7)
(38.0)
(90.9)
(25.00, 141.00)
(94.4)
(1995, 2010)
(14.5)
(27.3)
(37.1)
(21.1)

300 (27.6)
322 (29.6)
133 (12.2)
332 (30.5)
62.25  5.23
60.00 (50.00, 82.60)
33 (25, 68)
1.85  0.22/2.00 (1.20, 2.40)
64.41  9.31/65.60 (7.40, 80.10)
30.25  10.05
29.58 (10.00, 71.58)
141
196
399
158
8

(15.6)
(21.7)
(44.2)
(17.5)
(0.9)

(continued on next page)
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Table 1 (continued )
Characteristic

N

No. of patients with pneumonitis grade shown (%)
0
1
2
3
4
5
No. of patients who died (%)
No. of patients who reached 180-day death (%)
Median follow-up (95% CL) (months)y

All Patients (nZ1245)

736

327
152
189
51
4
13
844
127
43.50

1245
1245
1245

(44.4)
(20.7)
(25.7)
(6.9)
(0.5)
(1.8)
(67.8)
(10.2)
(40.31-48.76)

Abbreviations: CL Z confidence limits; FEV1 Z forced expiratory volume in 1 second (defined as the ratio of FEV1 to forced vital capacity [FVC]).
* Defined as Eastern Cooperative Oncology Group 0-1 or Karnofsky performance status 70.
y
Reverse Kaplan-Meier method.

[FVC]) (OR: <80%: 2.53; 95% CI: 1.09-5.88; PZ.030) as
significant predictors of 180-day survival when modeled
according to RPA cutpoints. Pulmonary function (OR per
10% increase: 0.76; 95% CI: 0.58-1.00; PZ.047) remained
the dominant predictor of 180-day survival after adjusting
for region (not reported), N stage (overall PZ.261), GTV

A

(OR per 50-cm3 increase: 1.03, 95% CI: 0.90-1.18;
PZ.698), and maximum esophagus dose (OR per 5-Gy
increase: 1.07; 95% CI: 0.75-1.52; PZ.720; C-index:
0.692). Performance status and total radiation dose were
not found to be significant multivariate predictors of 180day survival.

B

100

Overall Survival (%)

Overall Survival (%)

100
80
60
40
20
0

80
60
40
20
Low Risk
High Risk

0
6

0

12 18 24 30 36 42 48 54 60

0

Time (Months)

Time (Months)

Number at risk
1245

C

Number at risk

832

425

247

157

D

80
60
40
20
GTV: < 100 cc
GTV: ≥ 100 cc

0

Log-rank: P=.003

< 100 439
100 306

321
190

121
10

83
2

48
1

60
40
20
FEV1: < 80%
FEV1: ≥ 80%

0

6

Log-rank: P=.206

12 18 24 30 36 42 48 54 60

Time (Months)

Time (Months)

Number at risk
≥

201
15

80

0

6 12 18 24 30 36 42 48 54 60

363
34

100

Overall Survival (%)

Overall Survival (%)

Low 507
High 62

104

100

0

Log-rank: P=.007

6 12 18 24 30 36 42 48 54 60

Number at risk
181
88

106
59

76
36

45
26

< 80 268
≥ 80 264

167
172

88
92

49
59

23
32

15
12

Fig. 1. (A-D) Kaplan-Meier plot for overall survival for (A) all patients (nZ1245) and stratified by (B) 180-day survival
RPA risk group system, (C) GTV, and (D) FEV1. Abbreviations: FEV1 Z forced expiratory volume in 1 second (defined as
the ratio of FEV1 to forced vital capacity [FVC]); GTV Z gross tumor volume; RPA Z recursive partitioning analysis.
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Univariate and multivariate logistic regression models predictive of 180-day survival (death) (nZ1245)*

Dependent variable:
180-day survival (death)

Univariate model

Independent variables

OR

N stage
N1 vs N0
N2 vs N0 (vsN0-N1)*
N3 vs N0 (vsN0-N1)*
GTV per 50-cm3 increase

2.50
0.99
1.20
1.08

GTV (RPA cutpoint) 
100 vs < 100 cm3
FEV1 per 10% increase
FEV1 (RPA cut-point)
<80 vs  80%
Maximum esophagus dose
per 5-Gy increase
Histology
Squamous vs
adenocarcinoma
Large cell vs
adenocarcinoma
NOS vs adenocarcinoma
Current or former smoker
Poor performance status
Total radiation dose
per 5-Gy increase
180-day survival RPA
risk group system
(C-index: 0.608)
High vs low risk

RPA multivariate
model 1 (C-index:
0.646)

95% CL
(0.89,
(0.49,
(0.57,
(1.00,

6.75)
2.00)
2.55)
1.17)

2.53 (1.53, 4.18)

P
value

P
P
OR 95% CL value OR 95% CL value

.173
.083 .967 .631 .053 1.04
<.001

RPA multivariate
model 2 (C-index:
0.668)

-

(0.93,
1.17)
-

-

Nomogram multivariate
model (C-index: 0.692)
OR

.475

-

-

-

2.61

.029

-

.040

-

(1.10,
6.20)
-

-

0.76

-

2.53

.030

-

-

1.07

95% CL

3.25* (0.39, 27.44)*
5.55* (0.62, 49.43)*
1.03 (0.90, 1.18)
-

.261
.279*
.125*
.698
.047

0.93 (0.81, 1.07)

.296 0.79

1.43 (0.83, 2.47)

.202

-

(0.64,
0.99)
-

0.90 (0.79, 1.03)

.137

-

-

-

-

(1.09,
5.88)
-

1.06 (0.64, 1.76)

.318
.819

-

-

-

-

-

-

-

-

-

0.50 (0.22, 1.13)

.095

-

-

-

-

-

-

-

-

-

0.97
2.95
2.84
0.75

.897
.145
.011
.002

-

-

-

-

-

-

-

-

-

(0.59,
(0.69,
(1.27,
(0.63,

1.60)
12.65)
6.32)
0.90)

4.43 (2.07, 9.51)

(0.58, 1.00)

P
value

(0.75, 1.52)

.720

<.001

Abbreviations: CL Z confidence limits; FEV1 Z forced expiratory volume in 1 second (defined as the ratio of FEV1 to forced vital capacity [FVC]);
GTV Z gross tumor volume; NOS Z not otherwise specified; OR Z odds ratio; RPA Z recursive partitioning analysis.
P values <.05 are shown in boldface type.
* All reported odds ratios have been adjusted by region.

RPA resulted in a 2-class risk stratification system, low
risk (GTV <100 cm3 or GTV 100 cm3 and FEV1 80%)
and high risk (GTV 100 cm3 and FEV1 <80%). The 180day survival rates were 93% for low risk and 79% for high
risk, with an OR of 4.43 (95% CI: 2.07-9.51; P<.001; Cindex: 0.608), adjusted by region, as shown in Figure 1B
and Tables 2 and 3. This translated into a 3-fold increase in
mortality at 180 days after radiation therapy for high-risk
patients (21%) compared to low-risk patients (7%) and a
corresponding difference in OS (log-rank: PZ.007; 1-year:
73% vs 55%; 2-year: 48% vs 35%; 3-year: 34% vs 24%).
As a sensitivity analysis, Kaplan-Meier estimates were also
generated separately for GTV and FEV1 according to RPA
generated cut-points, which revealed a significant difference in OS for GTV (PZ.003) but not FEV1 (PZ.206)
(Fig. 1C and D). This was found to be comparable to results
shown for 180-day survival based on the same cutpoints as
those shown in Table 2 (GTV: P<.001; FEV1: PZ.202).
Results from the multivariate logistic regression model

incorporating important predictors from RPA (FEV1, GTV,
N stage, and maximum esophagus dose) were used to create
a clinical nomogram predictive of 180-day survival which
yielded favorable calibration (R2 Z 0.947) as shown in
Figure 2A and B.

Discussion
Concurrent chemoradiation therapy for the treatment of
LA-NSCLC has been recommended as a means of
increasing survival, but it comes at the cost of increased
toxicity. In addition, for a treatment schedule that can take
approximately 6 to 8 weeks to deliver, mortality rates in the
first 6 to 12 months can be significant. This provided the
motivation for the analysis presented here, which aimed to
identify factors that might predict early mortality.
The identification of total dose as a significant univariate
predictor of 180-day survival and the observed favorable
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Table 3 Actuarial survival estimates for overall survival for all patients (nZ1245) and stratified by 180-day survival RPA risk group
systems, GTV, FEV1
Group
All patients
180-day class 4 RPA risk group system
(Class 1) GTV<100 cm3 þ FEV1  80%
(Class 2) GTV<100 cm3 þ FEV1<80%
(Class 3) GTV  100 cm3 þ FEV1  80%
(Class 4) GTV  100 cm3 þ FEV1<80%
180-day class 2 RPA risk group system
Low risk (at least 1 of)
(Class 1) GTV<100 cm3
(Class 2) GTV  100 cm3 þ FEV1  80%
High Risk: GTV  100 cm3 þ FEV1<80%
GTV
<100 cm3
100 cm3
FEV1
80%
<80%

Median
(months) 180 d (%) 1 y (%) 1.5 y (%) 2 y (%) 3 y (%) 4 y (%) 5 y (%)
20.94

89.6

70.6

55.3

45.1

31.5

26.8

22.0

30.26
22.01
19.29
12.74

94.3
91.0
92.7
79.0

78.6
68.7
61.8
54.8

65.7
55.0
50.3
42.3

54.0
48.0
40.5
35.3

47.2
28.7
34.1
23.5

37.7
22.2
30.7
23.5

33.9
22.2
26.3
11.8

22.00

92.9

72.6

59.9

47.6

34.2

28.5

22.6

12.74

79.0

54.8

42.3

35.3

23.5

23.5

11.8

22.64
15.85

92.9
85.3

74.2
61.8

61.4
44.2

48.7
36.6

34.3
26.2

28.3
24.5

22.3
19.6

20.81
20.25

90.5
86.9

69.3
65.2

56.6
51.7

45.4
45.7

35.3
31.0

30.5
24.8

27.2
21.1

Abbreviations: d Z day; FEV1 Z forced expiratory volume in 1 second (defined as the ratio of FEV1 to forced vital capacity [FVC]); GTV Z gross
tumor volume; RPA Z recursive partitioning analysis; y Z year.

180-day survival outcomes attributed to higher delivered
dose raises a number of important questions given the
current uncertainty regarding appropriate dose fractionation. This association appears to become attenuated after
performing propensity score matching on pretreatment
patient factors, evident from the nonsignificant OS trend
favoring intermediate dose (>64 Gy in 32 fractions and
<74 Gy in 37 fractions) compared to standard dose (6064 Gy in 30-32 fractions; PZ.27) as reported previously
(7). Furthermore in the present study, total dose was not
identified as an important multivariate predictor of 180-day
survival in favor of pulmonary function, tumor volume, N
stage and maximum esophagus dose. Important interactions
between total dose, pulmonary function and disease burden
may exist, whereby patients with better pulmonary function
and lower tumor volumes may be at increased likelihood of
receiving higher doses of radiation and vice versa. In
contrast, the results of the RTOG protocol 0617, representing the largest protocol to date incorporating modern
radiation therapy techniques, associated inferior median
and 18-month survival to the 74 Gy dose escalation arm
compared to 60 Gy standard dose arm and have been discussed previously (7-9).
Further examination of the 180-day survival risk stratification system demonstrated a number of important clinical findings. Patients with high-volume tumors
(GTV  100 cm3) combined with high pulmonary function
(FEV1  80%) yielded comparable 180-day and 3- to 5year survival rates to patients with smaller tumors
(GTV < 100 cm3); however, these patients remained at
higher risk of mortality between 1 and 2 years after radiation therapy. In contrast, high-risk patients with larger

tumors (GTV  100 cm3) and low pulmonary function
(FEV1 < 80%) showed worse prognosis throughout the
entire follow-up period when compared with patients having only one of the criteria (ie, larger tumors or poor pulmonary function). This translated into a three-fold increase
of mortality at 180 days after radiation therapy (21%)
compared to low-risk patients (7%). It is possible that patients with higher pulmonary function may possess a higher
tolerance for larger tumors and more aggressive radiation
therapy schedules. Additionally, increased disease burden
has long been hypothesized to lead to unavoidable increases in lung exposure (ie, lung V20), which in turn can
have negative impacts on survival and toxicity. This further
suggests that limiting lung toxicity and lung dose as a
measure preserve post-treatment residual pulmonary function may help to maximize the prognosis.
Numerous studies have investigated predicting OS in
LA-NSCLC and have identified a wide range of tumor and
patient-related variables. Tumor size, specifically GTV >
85 to 100 cm3, has been shown to independently predict
for survival, consistent with the threshold of > 100 cm3
reported in the current study (10-13). FEV1 > 2 L has also
been reported as a useful prognostic factor, similar to the
favorable survival observed for patients with GTV 
100 cm3 and FEV1  80% compared to FEV1 < 80% (14).
However, there is debate in published reports as to whether
pulmonary function testing provides further improvement
in the prediction of survival in the context of LA-NSCLC
(15). Performance status has also been shown to be an
important prognostic factor for OS, consistent with the
results reported in the current study (16). The observed
lack of significance for performance status from
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Fig. 2. (A, B) Nomogram predicting 180-day survival and (B) corresponding calibration plot of nomogram-predicted 180day survival probability (%) versus observed 180-day survival (%). Abbreviations: FEV1 Z forced expiratory volume in
1 second (defined as the ratio of FEV1 to forced vital capacity [FVC]); GTV Z gross tumor volume
multivariate analysis in favor of GTV and FEV1 could be
partially attributed to the choice of survival endpoint
(early mortality vs OS). Other factors have been shown to
be clinically useful in the prediction of survival outcomes
and include age (17), hemoglobin level (14), smoking
status (16), global quality of life (QoL, measured using the
European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire C30 [QLQ-C30])
(18), and tumor standardized uptake values of
fluorodeoxyglucose-labeled positron-emission tomography (19). Age and smoking status were not found to be
significant predictors of survival in the current study,
which similarly could be partially attributed to the choice
of survival endpoint. It is theoretically possible that if
published analyses were reproduced substituting similar
early mortality definitions for OS that results could differ
in select cases.
The present study has a number of limitations. First, in
order to increase statistical power and generalizability for
the analyses, patient data from multiple institutions was
merged. Inter-institutional variation in data collection procedures, such that not all variables were available from all

institutions and patients, may have introduced unknown
biases. Second, a substantial proportion of toxicity data is
retrospective, and therefore inherently subject to limitations
and inaccuracies. Third, heterogeneity in data completeness
between and within participating centers is a potential
concern. Multivariate analyses and RPA were limited to
patients with a complete set of data for all variables under
investigation; patients with partial datasets were not
included in the final prognostic risk stratification analyses.
Additionally, a number of unmeasurable confounders, comorbid factors and additional dosimetric factors (ie, cardiac
dosimetry) that were not routinely collected were unavailable to assist in explaining the findings observed in the
current study.
In the context of retrospective observational studies,
more heterogeneity exists in the delivery of radiation
therapy and in patient composition than typically observed
in randomized controlled clinical trials, which may be an
important contributor to the observed differences in survival outcomes. Furthermore, it is possible that with more
complete follow-up data and toxicity reporting, other considerations could be explored, which will be the focus of
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future work. This also highlights the need for prospective
validation to further identify whether such associations
translate into similar findings when applied to the randomized controlled clinical trial setting. Future work will
be focused on external validation of presented clinical
prediction tools prior to consideration of clinical
implementation.

Conclusions
Despite these limitations, the current investigation has
identified important prognostic factors and proposed a
clinical nomogram for early mortality to counsel patients
regarding this potentially important negative outcome.
Future prospective studies and randomized controlled
clinical trials should further explore various approaches to
improve the therapeutic ratio in this high-risk patient population. Additionally, the presented associations between
poor pulmonary function and larger tumor volumes should
be investigated within the context of improved lung dose
sparing approaches for con-CRT.
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