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Purpose: Currently, prediction of survival for non–small-cell lung cancer patients treated with (chemo)radiother-
apy is mainly based on clinical factors. The hypothesis of this prospective study was that blood biomarkers related
to hypoxia, inflammation, and tumor load would have an added prognostic value for predicting survival.
Methods and Materials: Clinical data and blood samples were collected prospectively (NCT00181519,
NCT00573040, and NCT00572325) from 106 inoperable non–small-cell lung cancer patients (Stages I–IIIB),
treated with curative intent with radiotherapy alone or combined with chemotherapy. Blood biomarkers, includ-
ing lactate dehydrogenase, C-reactive protein, osteopontin, carbonic anhydrase IX, interleukin (IL) 6, IL-8,
carcinoembryonic antigen (CEA), and cytokeratin fragment 21-1, were measured. A multivariate model, built
on a large patient population (N = 322) and externally validated, was used as a baseline model. An extended model
was created by selecting additional biomarkers. The model’s performance was expressed as the area under the
curve (AUC) of the receiver operating characteristic and assessed by use of leave-one-out cross validation as
well as a validation cohort (n = 52).
Results: The baseline model consisted of gender, World Health Organization performance status, forced expira-
tory volume, number of positive lymph node stations, and gross tumor volume and yielded an AUC of 0.72. The
extended model included two additional blood biomarkers (CEA and IL-6) and resulted in a leave-one-out AUC
of 0.81. The performance of the extended model was significantly better than the clinical model (p = 0.004). The
AUC on the validation cohort was 0.66 and 0.76, respectively.
Conclusions: The performance of the prognostic model for survival improved markedly by adding two blood bio-
markers: CEA and IL-6. � 2011 Elsevier Inc.

NSCLC, Prognostic model, Radiotherapy, Chemotherapy, Blood biomarker, Prognosis.
INTRODUCTION

Many lung cancer patients are treated with radiotherapy (RT)

alone or RT combined with chemotherapy (1). Although an

accurate assessment of prognosis is of the utmost importance

for patients as well as for clinicians, it is widely known that

the TNM staging system is suboptimal to achieve this goal

(2–4). To improve risk stratification, a number of variables

associated with survival have been identified. At present,
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the generally accepted prognostic factors for survival of

inoperable patients are performance status (5, 6), weight

loss (5, 6), presence of comorbidity (7), use of chemotherapy

in addition to RT (6, 8), and tumor size (2–4, 9–11). Although

there are no randomized data available, retrospective studies

suggest that a higher radiation dose leads to improved local

control and better survival rates (5, 6, 12). For other

factors, such as gender and age, the literature shows
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inconsistent results, making it difficult to draw definitive

conclusions (5).

A prognostic model for the survival of non–surgically

treated patients was recently published, consisting of five

variables: gender, performance status, forced expiratory vol-

ume in 1 second (FEV1), number of positive lymph node

stations (PLNS), and gross tumor volume (GTV) (13).

The model was validated on two external data sets, resulting

in an area under the curve (AUC) of the receiver operating

characteristic (ROC) of 0.75 and 0.76. Although these

results are promising, there is still a great deal of room

for improvement in survival prediction. For a subgroup of

106 patients, we had blood samples available to refine

and improve the model.

The analysis of circulating proteins can provide useful ad-

ditional information about the biological characteristics of tu-

mors (14) and their hosts. Blood obtained by venal puncture

is an easily accessible human specimen and can be monitored

over long periods. Moreover, the value of blood biomarkers

and imaging parameters in these patients is emphasized by

the fact that extensive tumor tissue sampling is very difficult

in many cases of lung cancer.

In recent decades, research has shown a number of bio-

markers to be associated with survival or disease progression,

mostly in univariate analyses (15–21) but also in multivariate

analyses (21–24). However, their ability to improve the

survival prediction in terms of higher AUC values has not

yet been examined. In this study we chose eight blood

biomarkers. Osteopontin (OPN), carbonic anhydrase IX

(CA IX), and lactate dehydrogenase (LDH) are hypoxia

markers; expression of carcinoembryonic antigen (CEA)

and cytokeratin fragment (CYFRA) 21-1 is correlated with

tumor load; and interleukin (IL) 6, IL-8, and C-reactive pro-

tein (CRP) are related to inflammation. In previous studies

these blood biomarkers were found to be statistically signif-

icant factors for survival of lung cancer patients (15–24).

We carried out this prospective study to assess the prog-

nostic value of these 8 blood biomarkers as well as test the

hypothesis that these blood biomarkers improve the predic-

tion of 2-year survival of non–small-cell lung cancer

(NSCLC) patients treated with RT alone or RT combined

with chemotherapy compared with a model consisting of

clinical factors only.
METHODS AND MATERIALS

Patient population
Between May 2004 and November 2007, 339 nonsurgical Stage

I–IIIB NSCLC patients were referred to the MAASTRO Clinic,
Maastricht, the Netherlands, to be treated with curative intent.

Data and blood samples were collected prospectively, ensuring

standardization of data collection. Blood samples were available

from 158 NSCLC patients, who were willing to participate in

the Biobank lung cancer study (NCT00573040). A split-sample

validation was performed with a typical split of 2/3:1/3. Thus

the model was built on two-thirds of the data (106 patients in-

cluded between May 2004 and May 2006) and validated on the re-

maining one-third (52 patients included between June 2006 and
November 2007). The primary GTV and nodal GTV were calcu-

lated based on the pretreatment 18F-deoxyglucose positron emis-

sion tomography and computed tomography scans, by use of an

RT treatment–planning system (Computerized Medical Systems,

St. Louis, MO) (25). The sum of primary GTV and nodal GTV re-

sulted in the GTV. Stage I–II patients did not have invasive medi-

astinal staging, but they had no mediastinal involvement, based on

a negative computed tomography and 18F-deoxyglucose–positron

emission tomography scan.

In patients with T1–T3 tumors, the N2 or N3 status was confirmed

by endoscopic ultrasound, endobronchial ultrasound, and

ultrasound-guided fine-need aspiration in case of supraclavicular in-

vasion or by mediastinoscopy. Patients with radiologic T4 tumors

did not have their lymph node status pathologically confirmed.

For patients treated with sequential chemotherapy, stage and

PLNS were assessed by use of pre-chemotherapy imaging informa-

tion.
Blood samples
All patients participated in a prospective study (NCT00181519),

launched at the MAASTRO Clinic in 2003 (26). Before the start of

the RT treatment, blood samples were collected, processed, and

stored in a standardized manner. The plasma or serum level of the

investigated proteins was determined in all specimens by use of

commercially available kits in line with the manufacturers’ instruc-

tions. All samples were analyzed simultaneously. Measurements

were performed for biomarkers related to (1) hypoxia—LDH (Beck-

man Coulter, Fullerton, CA), CA IX (MN/CA IX ELISA; Siemens

Medical Solutions Diagnostics, Tarrytown, NY), and OPN (Quanti-

kine Human Osteopontin Immuno assay; R&D Systems, Minneap-

olis, MN); (2) inflammation—IL-6 (Siemens Medical Solutions

Diagnostics), IL-8 (Siemens Medical Solutions Diagnostics), and

CRP (Beckman Coulter); and (3) tumor load—CYFRA 21-1

(Brahms Aktiengesellschaft, Hennigsdorf, Germany), CEA (Sie-

mens Medical Solutions Diagnostics), and OPN. We determined

OPN and CA IX by manual methods, and these were therefore mea-

sured in duplicate; the others were measured once.
RT treatment
Patients were treated in accordance with different radiation and

chemotherapy protocols defined a priori according to the stage of

the disease. No elective nodal irradiation was performed (27), and

irradiation was delivered 5 days per week. Radiotherapy planning

was performed with an XiO system (Computerized Medical Sys-

tems), by use of a convolution–superposition algorithm with inho-

mogeneity corrections and according to International Commission

on Radiation Units & Measurements 50 guidelines. Three different

RT regimens were administered:

1. Forty-eight patients were treated according to the standard pro-

tocol used until August 2005. They received either 70 Gy

(Stage I–II) or 60 Gy after induction chemotherapy (Stage

III) in once-daily fractions of 2 Gy. The induction chemother-

apy consisted of carboplatin on Day 1 and gemcitabine on

Days 1 and 8. The majority of the patients received 3 cycles

(range, 1–6).

2. Ninety-five patients were treated according to the new protocol

for sequential chemotherapy and radiation (Stage III) or RT alone

(Stage I–II), which was introduced in August 2005 (28, 29). The

individualized radiation dose ranged from 54.0 to 79.2 Gy,

delivered in fractions of 1.8 Gy twice daily, depending on the

mean lung dose or the spinal cord dose constraint. An 8-h
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interval between the fractions was respected. The same induction

chemotherapy regimen was applied as in Group 1.

3. Fifteen patients received concurrent chemoradiotherapy (30).

After 2 cycles of carboplatin–gemcitabine, a radiation dose of

45 Gy was delivered in fractions of 1.5 Gy twice daily, followed

by an individualized dose ranging from 8 to 24 Gy, depending on

the mean lung dose or the spinal cord dose constraint, delivered

in fractions of 2.0 Gy once daily. Cisplatin–vinorelbine was

given concurrently on Days 2, 9, 23, and 30.
Statistical analysis
Overall survival was defined as the duration between the start of

RT and the date of death. Survival status was evaluated in November

2009. Data were considered right-censored if patients were alive at

the time of evaluation.

The statistical significance of the differences between the

development and validation cohorts were assessed with the t test

or chi-square test. Because the biomarker levels showed a skewed

distribution, the Mann-Whitney U test was applied for these vari-

ables. The Kaplan-Meier method was used for univariate survival

analysis. Blood biomarker concentrations were dichotomized by

use of the median value as a cutoff point. The log-rank test was ap-

plied to assess differences between groups.

By use of 2-norm support vector machines (31), a multivariate

prediction model for 2-year survival was built based on data from

the development cohort (n = 106). Missing values were imputed

by use of single imputation. A logarithmic transformation was ap-

plied to obtain more symmetrically distributed data for the blood

biomarkers.

A multivariate model, built on a large patient population and ex-

ternally validated, was used as a baseline model. Details of this

model as well as a description of the patient population have been

published previously (13). In short, it consisted of five variables:

gender, World Health Organization performance status (WHO-

PS), FEV1, PLNS, and GTV. To assess the added prognostic value

of the blood biomarkers, the baseline model was extended with the

biomarkers mentioned previously. A combinatorial variable selec-

tion procedure was performed to obtain the ‘‘best subset’’ of blood

biomarker variables. The best subset was defined as the combination

of biomarkers that resulted in the highest AUC of the receiver oper-

ating curve (ROC), assessed by leave-one-out (LOO) cross valida-

tion. The maximum value of the AUC is 1.0, indicating a perfect

prediction model. A value of 0.5 indicates that patients are correctly

classified in 50% of the cases (i.e., as good as chance).

The coefficients and confidence intervals (CIs) of the model were

calculated by use of a bootstrap procedure, repeated 1000 times. The

coefficients were then multiplied by a correction factor to obtain

odds ratios (32). In addition, a nomogram, which is a graphical rep-

resentation of a multivariate model, was created for the combined

model. Each effect in the model is converted to a 0 to 100 scale,

which is just proportional to the log odds. These points are added

across predictors to derive the ‘‘total points,’’ which are converted

to a predicted probability.

The validation cohort was split into three subgroups based on

tertiles of the predicted probability, which can be calculated by

use of the coefficients of the multivariate model. To assess differ-

ences in survival of the subgroups, Kaplan-Meier curves were

made. The risk stratification based on the extended model was

compared with the risk stratification based on clinical TNM stage

(sixth edition). To quantify the improvement in performance of

adding biomarker information, the AUC of the baseline as well
as the combined model was calculated. The statistical significance

of the differences was assessed by a bootstrap technique. The anal-

ysis was performed with R, version 2.8.1 (R Foundation for Statis-

tical Computing, Vienna, Austria) and Matlab, version 2008b (The

MathWorks, Natick, MA).

Ethics
This study was conducted according to national laws and guide-

lines and approved by the appropriate local trial committee. In-

formed consent was obtained from all participants.

RESULTS

The patient characteristics of the development as well as

the validation cohort are shown in Table 1. The median

follow-up of the development cohort was 38 months (range,

1–71 months); the median survival, 15 months (95% CI, 13–

17 months); and the 2-year survival, 33% (95% CI, 24–42%).

Two years after the RT treatment, 35 patients were alive

whereas 71 had died. At the time of the analysis (November

2009), 14 patients were still alive. The results of the bio-

marker measurements are shown in Table 2. The log-rank

test showed statistically significant results for CEA, IL-6,

OPN, and CYFRA 21-1 (p = 0.013, p = 0.003, p = 0.004,

and p < 0.001, respectively). Higher biomarker levels were

associated with a lower probability of survival. With the ex-

ception of CA IX, the same trend was observed for the other

biomarkers—CRP, LDH, and IL-8—but the log-rank test did

not yield statistically significant results. Kaplan-Meier sur-

vival curves are shown in Fig. 1.

Multivariate model
The baseline model consisted of five variables: gender,

WHO-PS, FEV1, GTV, and PLNS. Details of this model as

well as a description of the patient population have been pub-

lished elsewhere (13). In the new, extended model with bio-

marker information, we included CEA, CRP, CA IX, OPN,

CYFRA 21-1, LDH, IL-6, and IL-8. After the variable selec-

tion procedure, the final model consisted of all five variables

of the baseline model and two additional biomarkers: CEA

and IL-6. The most powerful prognostic factors for 2-year

survival were GTV and CEA. The AUC of the final model

was 0.81 (95% CI, 0.74–0.92), assessed by LOO cross vali-

dation, whereas the baseline model, applied to the develop-

ment cohort of 106 patients, yielded an AUC of 0.72 (95%

CI, 0.62–0.84). The ROC curves are shown in Fig. 2A. The

difference between the two models was statistically signifi-

cant (p = 0.004). The odds ratios for the variables are shown

in Table 3. The coefficients of the extended model were used

to create a nomogram (Fig. 3).

Validation cohort
The median follow-up of the validation cohort was 30

months (range, 2–41 months), whereas the median survival

was 21 months (95% CI, 11–31 months) and the 2-year sur-

vival was 48% (95% CI, 35–62%). In this validation cohort

the AUC of the baseline model was 0.66 whereas the

extended model yielded an AUC of 0.76 (Fig. 2B). To create



Table 1. Patient characteristics

Development cohort (n = 106) Validation cohort (n = 52) p Value

Gender 0.075
Male 85 (80.2%) 35 (67.3%)
Female 21 (19.8%) 17 (32.7%)

Age (y) Mean, 68.5 (SD, 9.9) Mean, 66.2 (SD, 11.7) 0.190
WHO-PS 0.888

0 34 (32.7%) 15 (28.8%)
1 55 (52.9%) 29 (55.8%)
$2 15 (14.4%) 8 (15.4%)

FEV1 (%) Mean, 71.6 (SD, 23.8) Mean, 72.5 (SD, 19.8) 0.820
Histology 0.009

SCC 38 (35.8%) 8 (15.4%)
Adenocarcinoma 16 (15.1%) 7 (13.5%)
Large cell carcinoma 33 (31.2%) 18 (34.6%)
Other 9 (8.5%) 14 (26.9%)
No histology 10 (9.4%) 5 (9.6%)

Clinical stage 0.781
I 18 (17.0%) 10 (19.2%)
II 10 (9.4%) 4 (7.7%)
IIIA 24 (22.6%) 15 (28.9%)
IIIB 54 (51.0%) 23 (44.2%)

Gross tumor volume (mL) Mean, 105 (SD, 99) Mean, 103 (SD, 131) 0.106
PLNS 0.985

0 33 (34.0%) 17 (35.4%)
1 21 (21.6%) 10 (20.8%)
$2 43 (44.4%) 21 (43.8%)

Chemotherapy 0.001
No 34 (32.1%) 16 (30.8%)
Sequential 69 (65.1%) 25 (48.1%)
Concurrent 3 (2.8%) 11 (21.1%)

EQD2T (Gy) Mean, 56.7 (SD, 8.9) Mean, 59.5 (SD, 9.5) 0.074
OTT (d) Mean, 33 (SD, 10) Mean, 27 (SD, 7) <0.001

Abbreviations: WHO-PS = World Health Organization performance status; FEV1 = forced expiratory volume in 1 second; SCC = squamous
cell carcinoma; PLNS = number of positive lymph node stations (assessed on positron emission tomography); EQD2T = total tumor dose cor-
rected for fraction size and overall treatment time; OTT = overall treatment time.
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low-, medium-, and high-risk groups, the cohort was split into

three subgroups, based on tertiles of the predicted probability

of the extended model. In addition, the overall TNM stage

(sixth edition) was used as risk stratification. The Kaplan-
Table 2. Biomark

Development cohort (n = 106)

Median Mean SD

LDH (U/L)* 383 400 115
CA IX (pg/mL)* 222 358 408
Interleukin 6 (pg/mL)y 6.2 8.0 6.0
Interleukin 8 (pg/mL)y 9.4 11.5 9.9
CEA (ng/mL)y 4.4 14.1 40.
CYFRA 21-1 (ng/mL)y 1.8 4.5 7.6
CRP (mg/L)* 12.6 25.4 42.
Osteopontin (ng/mL)* 107.0 119.0 48.

Abbreviations: LDH = lactate dehydrogenase; CA IX = carbonic anhyd
atin fragment 21-1; CRP = C-reactive protein.

* Measurements performed by use of plasma.
y Measurements performed by use of serum.
Meier survival curves are shown in Fig. 4. The 2-year survival

of the low-, medium-, and high-risk groups was 77% (95% CI,

56–97%), 39% (95% CI, 16–62%), and 29% (95% CI, 7–

51%), respectively, and the log-rank test yielded a statistically
ers in blood

Validation cohort (n = 52)

p ValueMedian Mean SD

411 415 108 0.329
241 311 206 0.750
8.2 15.3 17.9 0.094

13.1 18.7 15.9 <0.001
9 4.0 26.1 95.4 0.824

1.9 4.3 7.9 0.636
6 11.3 31.0 45.9 0.697
0 98 110 48 0.278

rase IX; CEA = carcinoembryonic antigen; CYFRA 21-1 = cytoker-



Fig. 1. Kaplan-Meier curves for overall survival according to biomarker concentration in blood of (A) interleukin 6, (B)
interleukin 8, (C) carcinoembryonic antigen, (D) osteopontin, (E) carbonic anhydrase IX, (F) lactate dehydrogenase, (G)
cytokeratin fragment 21-1, and (H) C-reactive protein (n = 106, development cohort).
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significant p value of 0.002. According to this risk stratifica-

tion, 4 patients (27%) with Clinical Stage IIIA and 5 patients

(22%) with Clinical Stage IIIB were included in the low-risk

group. The risk stratification based on overall TNM stage re-
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Fig. 2. Receiver operating characteristic (ROC) curves for (A)
and (B) the validation cohort, which consisted of 52 patients. The
better in both cohorts. AUC = area under the curve.
sulted in a 2-year survival of 43% (95% CI, 17–69%) for Stage

I–II, 53% (95 CI, 28–66%) for Stage IIIA, and 48% (95% CI,

27–68%) for Stage IIIB patients. The log-rank test for overall

TNM stage was not statistically significant (p = 0.89).
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Table 3. Odds ratios for being alive at 2-year time point

Variable Coefficient Odds ratio 95% CI p Value

Gender 0.770
Male Reference
Female 0.21 1.24 0.30–5.14

WHO-PS 0.037
0 Reference
1 �1.01 0.36 0.14–0.94
$2 �2.03 0.13 0.05–0.34

FEV1 �0.01 0.99 0.96–1.02 0.491
PLNS 0.530

0 Reference
1 �0.14 0.87 0.57–1.33
2 �0.27 0.76 0.50–1.16
3 �0.41 0.66 0.43–1.02
$4 �0.54 0.58 0.38–0.89

ln(GTV) (mL) �1.13 0.32 0.18–0.59 <0.001
CEA* �2.57 0.08 0.02–0.25 <0.001
IL-6* �2.43 0.09 0.01–1.02 0.051

Abbreviations: CI = confidence interval; WHO-PS = World
Health Organization performance status; FEV1 = forced expiratory
volume in 1 second; PLNS = number of positive lymph node sta-
tions; ln = natural logarithm; GTV = gross tumor volume; CEA =
carcinoembryonic antigen; IL-6 = interleukin 6.

* Logarithmic transformation was used for analysis.

Fig. 3. Nomogram for prediction of 2-year survival. The instruc
the gender axis. Draw a line straight upward to the points axis
Repeat this process for the other axes, each time drawing straig
each predictor and locate this sum on the ‘‘total points’’ axis. D
patient. WHO-PS = World Health Organization performance
PLNS = number of positive lymph node stations; GTV = gross
interleukin 6.
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DISCUSSION

In this study we were able to improve the performance of

a prognostic model for 2-year survival of NSCLC patients

treated with (chemo)radiotherapy by incorporating bio-

marker information. The performance of the model increased

from 0.72 to 0.81, which was a highly statistically significant

improvement (p = 0.004). From a panel of eight biomarkers,

CEA and IL-6 were selected for inclusion in the multivariate

model.

CEA serum levels are a well-established prognostic factor

in colorectal, breast, and lung cancer (33). As the tumor size

increases, more CEA accumulates in the blood. Patients with

an increased CEA level have both a shorter disease-free sur-

vival and a lower overall survival than those with normal

CEA levels (34). In a study that included 300 patients treated

with RT, CEA was found to be statistically significant in uni-

variate survival analysis (35). Our findings are in line with

these results.

Although inflammation may sometimes slow the cancer,

there is increasing evidence suggesting that cancer can take

advantage of inflammatory responses, and the inflammatory

cytokines released by the immune reaction may in fact fuel

cancer progression (36–38). We found that a higher level
tions for use are as follows: Locate the patient’s gender on
to determine how many points a patients receives for age.
ht upward to the points axis. Sum the points achieved for
raw a line straight down to assess the probability for this
status; FEV1 = forced expiratory volume in 1 second;
tumor volume; CEA = carcinoembryonic antigen; IL-6 =



Fig. 4. Kaplan-Meier Curves for overall survival according to (A) risk group and (B) TNM stage (n = 52, validation
cohort). CI = confidence interval.

366 I. J. Radiation Oncology d Biology d Physics Volume 81, Number 2, 2011
of IL-6 was indicative of a lower probability of survival.

However, higher blood levels of inflammatory markers

have also been associated with lower survival in patients

with chronic obstructive pulmonary disease and cardiovascu-

lar diseases (39). Because these are very common comorbid-

ities in lung cancer patients, this might offer an alternative

explanation for our finding.

To test our hypothesis that blood biomarker information

improves the prediction of 2-year survival of NSCLC pa-

tients compared with a model consisting of clinical factors

only, we measured eight blood biomarkers related to hyp-

oxia, inflammation, and tumor load. Although the selected

biomarkers have already been associated with either survival

or tumor control in previous studies (15–24) and all could be

linked to biological pathways, it is likely that other blood

biomarkers also might have a comparable prognostic value.

Biomarker measurements were performed on pretreatment

blood samples. Given the complex interplay between tumor

processes such as hypoxia, inflammation, and acidosis; treat-

ment characteristics; and the expression of biomarkers, future

studies should incorporate measurements at several time

points to monitor biomarker levels and investigate the prog-

nostic meaning of therapy-induced changes.
Gene array analysis might result in extra prognostic infor-

mation. However, to perform a reliable analysis thorough

and, representative sampling of different tumor areas is

required. This can seldom be done in inoperable NSCLC

patients. Therefore, at the moment, the applicability of

gene array analysis for prediction of prognosis in these

NSCLC patients is very limited.

Although the selection procedure for the baseline model

included a number of treatment characteristics such as total

treatment dose, overall treatment time, equivalent radiation

dose corrected for fraction size and time, and chemotherapy,

their association with survival was not strong enough to be

ultimately selected in the model. This contradicts clinical tri-

als that have reported a statistically significant influence of

treatment parameters [e.g., sequential chemotherapy (8) and

overall treatment time (40)] on survival rate. However, these

effects are often small, and the results are usually obtained by

use of a highly selected and rather homogeneous study pop-

ulation. In the general patient population, which is quite het-

erogeneous, patient as well as tumor characteristics are often

more important prognostic factors than treatment characteris-

tics. It is widely known that replicating trial results in the gen-

eral patient population is often difficult.
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In this study a limited number of patients were included.

To avoid overfitting, the model’s performance was assessed

by use of LOO cross validation. In addition, variable selec-

tion was only performed for the biomarker variables, whereas

a baseline model built on a large patient population was used

to determine which clinical variables to include in the multi-

variate model.

The model was validated in a new patient cohort. Although

the AUCs slightly decreased in the validation cohort, the dif-

ference between the baseline model and the extended model

remained the same, indicating that the added prognostic

value of the selected biomarkers did not change.

According to our model, some patients with Clinical Stage

IIIA or IIIB were classified in the low-risk group, emphasiz-

ing the extreme heterogeneity within the TNM staging

groups. However, recently, the seventh edition of the TNM

staging system for lung cancer was introduced (41), but for

our study population, the sixth edition was used. Although

it seems unlikely that a major shift would occur in the stage
grouping, we cannot exclude the possibility that application

of the seventh edition of the TNM staging system would re-

sult in an improved risk stratification.

Currently, clinical guidelines are based on stage, perfor-

mance status, and weight loss, ignoring information about

tumor volume, positive lymph node stations, and biomarkers.

Our model shows that other identifiable factors play an im-

portant role in the heterogeneous outcome of patients. Further

refinement will lead to more individualized treatment ap-

proaches.
CONCLUSIONS

Our results show that more accurate survival prediction is

possible. In the near future, research should focus on identi-

fying subgroups of patients who might benefit most from this

additional information, thereby improving the treatment

decision-making process for these patients as well as restrict-

ing the extra costs of biomarker measurement.
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