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ABSTRACT 

Purpose: The current TNM system needs refinement in order to improve its  

ability to predict survival of non-small cell lung cancer (NSCLC) patients treated 

with (chemo)radiation. In this study we investigated the prognostic value of  

tumor volume and N-status, assessed by FDG-PET scans.  

Patients and Methods: Clinical data from 270 consecutive inoperable NSCLC 

patients, stage I-IIIB, treated radically with (chemo)radiation was collected 

retrospectively. Diagnostic imaging was performed either with an integrated PET-

CT or with CT-scan and PET-scan separately. The Kaplan-Meier method as well 

as Cox regression were used to analyse the data. 

Results: Univariate survival analysis showed that number of positive lymph node 

stations (PLNSs) as well as N-stage on PET-scan were significantly associated 

with survival. The final multivariate Cox model consisted of the number of 

PLNSs, gross tumor volume (i.e. volume of the primary plus lymph nodes) , 

gender, World Health Organization (WHO) performance status and equivalent 

radiation dose corrected for time (EQD2,T); N-stage was no longer significant.  

Conclusions: The number of PLNSs, assessed by FDG-PET scans, was a 

significant factor for survival of patients with inoperable NSCLC treated with 

(chemo)radiation. Risk stratification for this group of patients should be based on 

gross tumor volume, number of PLNSs, gender, WHO-performance status and 

EQD2,T. 
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INTRODUCTION 

It is widely recognized that the tumor, node, metastasis (TNM) staging system 

has its shortcomings when used for risk stratification of patients with non-small-

cell lung cancer (NSCLC) treated with radiotherapy. The staging system, 

developed by Mountain [1], is primarily based on resectability of the tumor. 

Tumor size  is taken into account only partially. However, technical and medical 

progress have led to an improvement in nonsurgical treatment options, thereby 

changing the marginal role of radiotherapy and chemotherapy for the survival of 

NSCLC patients into one of significant importance. Identification of prognostic 

factors for this specific patient population is needed.  

At present, generally accepted prognostic factors for patients with inoperable 

disease are performance status (PS) [2-4], weight loss [2-4], presence of 

comorbidity [5,6], use of chemotherapy in addition to radiotherapy [2,7] radiation 

dose [2,8] and tumor size [9-12]. For other factors such as gender and age the 

literature shows inconsistent results, making it impossible to draw definitive 

conclusions [3]. 

In these studies computed tomographic (CT) scans were used as the major 

staging tool. Since then, the introduction of fluorodeoxyglucose (FDG)-positron 

emission tomography (PET) has led to significant improvements in the detection 

of positive lymph nodes and distant metastases, leading to stage migration [13]. 

In a recent study, comparing PET-based or non-PET based TNM stage, PET 

staging was the best predictor for overall survival [14]. However, because the 

study population was very heterogeneous, it was not possible to draw any 
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conclusions for patients treated with (chemo)radiotherapy. For patients treated 

with surgery, number of pathologically positive lymph node stations (PLNSs) also 

was shown to be a predictive factor for survival [15]. All this taken into account, 

we hypothesized that the gross tumor volume (GTV), the volume of the primary 

tumor and the lymph nodes, as well as the number of involved nodal areas 

quantified by means of PET, would have a prognostic value for survival in 

patients with inoperable NSCLC, treated radically with (chemo)radiation. 

We therefore decided to investigate the prognostic value of stage, GTV and 

number of PLNSs for the survival of patients with inoperable NSCLC  treated 

radically with (chemo)radiation, by using information from FDG-PET-scans and 

taking into account other known prognostic factors.  

 

METHODS AND MATERIALS 

Patient population 

From January 2002 to December 2005 a total of 312 patients with inoperable 

NSCLC, stage I-IIIB, were referred to MAASTRO clinic to be treated with curative 

intent. Clinical data for these patients were collected retrospectively by reviewing 

the clinical charts. If PET was not used as staging tool, patients were excluded 

from the study. This resulted in the inclusion of 270 patients. The primary gross 

tumor volume (GTVprimary) and nodal gross tumor volume (GTVnodal) were 

calculated, as delineated by the treating radiation oncologist, using a commercial 

radiotherapy treatment planning system (Computerized Medical Systems, Inc, St. 

Louis, MO). The sum of GTVprimary and GTVnodal resulted in the GTV. For patients 
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treated by means of sequential chemotherapy, these volumes were calculated 

using postchemotherapy imaging information.  Creation of volumes was based 

on information from PET and CT only; bronchoscopic findings were not taken into 

account. The number of PLNSs was assessed by the nuclear medicine specialist 

using either an integrated FDG-PET-CT scan or a CT-scan combined with FDG-

PET-scan. T-stage and N-stage were assessed using pre-treatment CT, PET 

and mediastinoscopy, when applicable. For patients treated with sequential 

chemotherapy stage as well as number of PLNSs were assessed by using 

prechemotherapy imaging information. 

 

Radiotherapy treatment 

All patients were treated at MAASTRO clinic. No elective nodal irradiation was 

performed [16,17] and irradiation was delivered 5 days/week. Radiotherapy 

planning was performed using a Focus (Computerized Medical Systems, Inc.) 

system, taking into account lung density and according to ICRU 50 guidelines 

[18].  

Three different radiotherapy treatment regimes were applied. 

1) Forty-two patients were included in a Phase I dose-escalation study. They 

received a total radiation dose ranging from 61.2 to 68.4 Gy, delivered twice daily 

in fractions of 1.8 Gy. An 8-hour interval between fractions was respected. 

2) The second group consisted of 191 patients, who were treated according to 

the standard protocol, used until May 2005. They received either 70 Gy (stage I-

II) or 60 Gy (stage III), in daily fractions of 2 Gy. 
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3) Finally, 37 patients were treated according to the new standard protocol which 

was introduced in June 2005. The 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-hour interval between fractions was 

respected. 

The equivalent dose in 2-Gy fractions, corrected for overall treatment time 

(EQD2,T) was used as a measure for the intensity of chest radiotherapy [19]. 

Adjustment for dose/fraction and time factors were made as follows: 
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where D= the total radiation dose, d = dose per fraction, β

α  = 10 Gy, T = overall 

treatment time, Tk (accelerated repopulation kick-off time) = 28 days, 

and γ  (the loss in dose per day due to repopulation) = 0.66 Gy/day. 

 

Chemotherapy 

One hundred fifty-one patients received chemotherapy before radiotherapy 

treatment started. The regimen consisted of carboplatin (AUC 5) on day 1 and 

gemcitabine 1250 mg/m² on day 1 and 8. The majority of the patients received 3 

cycles (range, one to six cycles).  No concurrent chemo-radiation was used. 

 

Statistical analysis 
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Survival status was evaluated in December 2006. Overall survival was calculated 

from the start of radiotherapy. The Kaplan-Meier method was used for univariate 

survival analysis. Groups were compared using the log-rank test for trend. The 

Cox proportional hazards model was applied to perform multivariate analysis. 

Variables were considered statistically significant if the likelihood ratio test 

resulted in a p-value <0.05. A stepwise backward method was used to select a 

relevant set of predictors. In addition, interaction terms were tested. The Cox 

proportional hazards assumption was tested by adding time-dependent 

covariates to the model. Hazard ratios and the 95% confidence intervals (CIs) 

were reported. The concordance index (Harrell’s C) was used to assess the 

performance of the models. The interpretation of the concordance index is similar 

to the interpretation of the area under the curve (AUC) of the receiver operator 

curve (ROC) and can be applied to Cox regression models. The maximum value 

of the concordance index is 1.0; indicating a perfect prediction model. A value of 

0.5 indicates that patients are correctly classified in 50% of the cases, e.g. as 

good as chance. Bootstrapping techniques were used to validate the model, that 

is, to adjust the estimated model performance for overoptimism or overfitting 

[20,21]. The concordance index of the final multivariate model, corrected for 

optimism, was reported. In addition, Akaike’s information criterion (AIC) was 

calculated [22]. The AIC takes into account how well the model fits the data as 

well as the complexity of a model, thereby reducing the risk of overfitting. The 

preferred model is the one with the lowest AIC value. To assess the relative 

merits of a model compared with others, the difference is interpreted as follows: a 
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decrease by 4-7 indicates weak support, ≥ 10 indicates  strong support for a 

model. For the multivariate analyses, we imputed the mean value of a variable if 

the value was missing. Logarithmic transformation was applied to obtain more 

symmetrically distributed data for the GTV, GTVprimary and GTVnodal. Statistical 

tests were performed using SPSS version 15.0 (SPSS inc., Chicago, IL) and R 

(R Foundation for Statistical Computing, Vienna, Austria).  

 

RESULTS 

Univariate analysis 

Table 1 lists characteristics of the study population. At the time of analysis, 64 

patients were still alive. The median follow-up of surviving patients was 29 

months (range 11-55). The median survival was 15 months (95% CI: 13 - 17 

months), with a 2-year survival of 36% (95% CI: 24%-48%) for stage I, 29% (95% 

CI: 10%-48%) for stage II, 24% (95% CI: 14%-34%) for stage IIIA and 31% (95% 

CI: 22%-40%) for stage IIIB. Differences among stage groups were not 

significant. The number of PLNSs assessed by PET was split into 3 subgroups: 

(1) no PLNS, (2) 1-2 PLNSs, (3) ≥ 3 PLNSs. Survival of patients in the three 

lymph node groups showed a statistically significant difference (p  ≤ 0.001; Fig. 

1A). Clinical N-stage was also split into three subgroups: (1) N0, (2) N1-N2, (3) 

N3. The grouping of N1 with N2 was caused by the small number of patients with 

an N1 stage. Survival, shown in Fig. 1B, shows a significant difference between 

the groups (p= 0.014). The influence of GTV, GTVprimary and GTVnodal on survival 

was assessed using univariate Cox regression. GTV and GTVprimary were 
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statistically significant factors, but GTVnodal was not (p<0.001, p<0.001 and 

p=0.107 respectively).  

 

Multivariate analysis 

The initial multivariate model consisted of age, gender, weight loss, WHO 

performance status (PS), Charlson’s comorbidity index, clinical overall stage, T 

stage, N stage, number of PLNSs, GTV, EQD2,T and chemotherapy. After the 

stepwise backward selection procedure the final model consisted of gender, 

EQD2,T, GTV, PLNSs and WHO-PS (Table 2). N-stage was removed from the 

model, but PLNSs remained a statistically significant predictor for survival with a 

hazard ratio of 1.51 (95% CI: 1.09 - 2.09) and 1.95 (95% CI: 1.34 - 2.85) for the 

groups with one or two and three or more positive lymph node stations compared 

to the group with no positive lymph node stations, respectively. The concordance 

index of the final model was 0.68. After the bootstrap procedure the concordance 

index, corrected for optismism, was 0.67. To investigate the difference between 

the prognostic value of stage, T stage and N stage, tumor volume and PLNSs 

three multivariate analyses were performed, each consisting of gender, WHO 

PS, and EQD2,T, and only one of the following combinations (1) stage, (2) T stage 

and N stage, (3) GTV and PLNSs. The concordance indices as well as the AIC 

showed a benefit for the model with PLNSs and GTV (Table 2.). Finally, the 

coefficients of the Cox regression model were used to create a probability graph 

for 2-year survival, taking into account GTV, PLNSs and gender (Figure 2A and 

2B). The WHO-PS as well as the EQD2,T were kept constant; the WHO-PS was 
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assumed to be 1 (median value of the population) and the EQD2,T  was greater 

than 55 Gy.  

 

DISCUSSION 

To our knowledge, this is the first study investigating the prognostic value of 

number of PLNSs, by using PET-CT information for patients with inoperable 

NSCLC . Our results show that information from FDG-PET scans offers the 

possibility to use new prognostic factors such as number of PLNSs. Furthermore, 

we show that risk stratification should be based on multiple factors including 

WHO PS, gender, EQD2,T, number of PLNSs, and GTV. 

Risk stratification based on TNM stage has shown to be useful to predict survival 

for the entire NSCLC population [1,23], whereas for the radiotherapy population, 

treated with curative intent, results are disappointing [8,24,25]. Two studies found 

that T stage and N stage were not statistically significant predictors for survival in 

patients with inoperable disease treated with radiotherapy [10,11]. One of these 

studies investigated the influence of overall stage, which also was not significant 

11. In a recursive partitioning analysis of 1999 patients Werner-Wasik [26] 

identified five prognostic groups which differed with regard to survival, using 

performance scale, chemotherapy, pleural effusion, age and histologic state. 

Staging information was not included in the final model, because T stage, as well 

as N stage was not statistically significant. Bradley et al [9] concluded that T 

stage was a predictor for survival whereas overall stage and N stage were not. 

However, 75% of their patients had stage T1 or T2. In this case, tumor size is 
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reflected in the staging system, which might explain why T stage was found to be 

statistically significant. All studies mentioned above showed that variables based 

on overall stage were of limited predictive value for survival of patients with 

inoperable NSCLC treated with radical (chemo)radiation. 

In all previous series, CT was used for staging, whereas at present, FDG-PET 

scan is considered the best noninvasive tool to detect distant metastasis other 

than brain, and is superior to CT scan for staging of the mediastinum [13]. In our 

study, on purpose, we selected patients who were PET-staged. Although this 

certainly lead to a better selection of patients eligible for radical 

(chemo)radiotherapy treatment, N stage as a predictor of survival for this specific 

group did not improve the multivariate analysis.  

Although there are no randomized data, retrospective studies suggest that a 

higher radiation dose led to improved local control and better survival rates [3,8]. 

Our results are in line with this, showing a survival benefit for patients receiving 

higher doses of radiation therapy. 

Until now the prognostic value of the number of PLNSs was assessed only in 

surgical series, where pathological examination of lymph nodes was possible 

[27,28]. Our study shows that number of PLNSs on FDG-PET is also an 

important risk factor for patients with inoperable disease. However, we are aware 

that FDG uptake in mediastinal lymph nodes may be caused by conditions other 

than cancer, such as inflammation or anthraco-silicosis. In our hands, and in our 

patient population, false positive FDG-PET scans were observed in 12% of 

patients [29]. This should be taken into account when interpreting our results. 
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Several groups concluded that the primary tumor volume was a highly significant 

factor for the prediction of survival [9,11,12]. In addition, Basaki et al [11] found 

that total tumor volume (primary tumor + nodal volume) and primary tumor 

volume were significant predictors for, but nodal volume had no independent 

effect on, survival. Our results led to the same conclusions.  

Theoretically, it is possible that the number of PLNSs correlates with lymph node 

volume and thus the effect of number of PLNSs on survival might be caused by 

lymph node volume. We therefore checked the influence of nodal volume on 

survival by performing univariate Cox regression, which led to the conclusion that 

GTVnodal was statistically not significant.  

In agreement with the literature, where performance scale, regardless of 

resectability of the tumor, consistently was identified as an important predictor for 

survival [3,4,8], we found that worse performance is associated with shorter 

survival. 

The variety of definitions used for the assessment of weight loss obviously does 

not conceal its prognostic importance for survival [3,8,30]. However, our final 

model did not include weight loss, which can be explained by the fact that the 

majority of waspatients had no or limited weight loss.  

The presence of severe comorbidity was associated with a worse survival [5,6]. 

Although comorbidities were present in a large group of our study population, the 

final model did not include this factor. It can be assumed that comorbidities, 

especially chronic obstructive pulmonary disease (COPD), can lead to a higher 

score on the WHO PS, which was included in the final multivariate analysis. 
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Moreover, we included a large group of potential predictive factors, while other 

groups limited their multivariate analyses to a few variables[5] or did not include 

performance status [6]. 

There are  indications that female gender is a favorable factor for survival 

[2,23,31,32], whereas several studies that consisted of patients treated with 

(chemo)radiation showed no influence of gender [26,33]. Gender was  

statistically significant in our multivariate analysis; the hazard ratio for female 

patients was 0.45 (95% CI: 0.31 - 0.66).  

Several other studies showed that the maximum standardized uptake value 

(SUV) of FDG is a prognostic factor for survival [34-36]. In the present series, we 

could not use the SUV because PET was performed in different hospitals in 

which, at the time, no standardization between centers was done. Moreover, in 

most radiation oncology centers, PET scans are used that are not standardized 

for SUV measurements from patients referred from different hospitals, making 

our results widely applicable.   

We did not incorporate tumor volume assessed by using PET in this study. 

Although the primary lung tumor volume, assessed by means of PET,  was 

validated with pathologic evaluation [37], this is not the case for the nodal tumor 

volume. Instead, we used CT volumes which are also used in standard clinical 

care.  

 

CONCLUSIONS 
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In this study, we show that the best prediction for survival of patients with 

inoperable NSCLC treated with radical (chemo)-radiation is based on GTV, 

number of PLNSs, gender, WHO PS and EQD2,T. Substitution of tumor volume 

and number of positive lymph node stations by T, N, or overall stage decreased 

the performance of the multivariate model, thereby emphasizing the limited 

predictive value of the TNM stage for this specific group of patients.



                                                                                                          Dehing-Oberije 15

References 

 
1. Mountain CF. Revisions in the International System for Staging Lung 

Cancer. Chest 1997;111:1710-1717. 

2. Pfister DG, Johnson DH, Azzoli CG, et al. American Society of Clinical 

Oncology treatment of unresectable non-small-cell lung cancer guideline: update 

2003. J Clin Oncol 2004;22:330-353. 

3. Brundage MD, Davies D, Mackillop WJ. Prognostic factors in non-small 

cell lung cancer: a decade of progress. Chest 2002;122:1037-1057. 

4. Buccheri G, Ferrigno D. Prognostic factors in lung cancer: tables and 

comments. Eur Respir J 1994;7:1350-1364. 

5. Firat S, Byhardt RW, Gore E. Comorbidity and Karnofksy performance 

score are independent prognostic factors in stage III non-small-cell lung cancer: 

an institutional analysis of patients treated on four RTOG studies. Radiation 

Therapy Oncology Group. Int J Radiat Oncol Biol Phys 2002;54:357-364. 

6. Tammemagi CM, Neslund-Dudas C, Simoff M, et al. Impact of comorbidity 

on lung cancer survival. Int J Cancer 2003;103:792-802. 

7. Chemotherapy for non-small cell lung cancer. Non-small Cell Lung Cancer 

Collaborative Group. Cochrane Database Syst Rev 2000:CD002139. 

8. Solan MJ, Werner-Wasik M. Prognostic factors in non-small cell lung 

cancer. Semin Surg Oncol 2003;21:64-73. 



                                                                                                          Dehing-Oberije 16

9. Bradley JD, Ieumwananonthachai N, Purdy JA, et al. Gross tumor volume, 

critical prognostic factor in patients treated with three-dimensional conformal 

radiation therapy for non-small-cell lung carcinoma. Int J Radiat Oncol Biol Phys 

2002;52:49-57. 

10. Ball D, Smith J, Wirth A, et al. Failure of T stage to predict survival in 

patients with non-small-cell lung cancer treated by radiotherapy with or without 

concomitant chemotherapy. Int J Radiat Oncol Biol Phys 2002;54:1007-1013. 

11. Basaki K, Abe Y, Aoki M, et al. Prognostic factors for survival in stage III 

non-small-cell lung cancer treated with definitive radiation therapy: impact of 

tumor volume. Int J Radiat Oncol Biol Phys 2006;64:449-454. 

12. Stinchcombe TE, Morris DE, Moore DT, et al. Post-chemotherapy gross 

tumor volume is predictive of survival in patients with stage III non-small cell lung 

cancer treated with combined modality therapy. Lung Cancer 2006;52:67-74. 

13. Schrevens L, Lorent N, Dooms C, et al. The role of PET scan in diagnosis, 

staging, and management of non-small cell lung cancer. Oncologist 2004;9:633-

643. 

14. Kramer H, Post WJ, Pruim J, et al. The prognostic value of positron 

emission tomography in non-small cell lung cancer: analysis of 266 cases. Lung 

Cancer 2006;52:213-217. 



                                                                                                          Dehing-Oberije 17

15. Casali C, Stefani A, Natali P, et al. Prognostic factors in surgically 

resected N2 non-small cell lung cancer: the importance of patterns of mediastinal 

lymph nodes metastases. Eur J Cardiothorac Surg 2005;28:33-38. 

16. Senan S, De Ruysscher D, Giraud P, et al. Literature-based 

recommendations for treatment planning and execution in high-dose 

radiotherapy for lung cancer. Radiother Oncol 2004;71:139-146. 

17. De Ruysscher D, Wanders S, van Haren E, et al. Selective mediastinal 

node irradiation based on FDG-PET scan data in patients with non-small-cell 

lung cancer: a prospective clinical study. Int J Radiat Oncol Biol Phys 

2005;62:988-994. 

18. ICRU Report 50: Prescribing, Recording, and Reporting Photon Beam 

Therapy. Bethesda, MD: International Commission on Radiation Units and 

Measurements; 1993. 

19. Fowler JF, Tome WA, Fenwick JD, et al. A challenge to traditional 

radiation oncology. Int J Radiat Oncol Biol Phys 2004;60:1241-1256. 

20. Harrell FE, Jr., Lee KL, Mark DB. Multivariable prognostic models: issues 

in developing models, evaluating assumptions and adequacy, and measuring 

and reducing errors. Stat Med 1996;15:361-387. 

21. Steyerberg EW, Harrell FE, Jr., Borsboom GJ, et al. Internal validation of 

predictive models: efficiency of some procedures for logistic regression analysis. 

J Clin Epidemiol 2001;54:774-781. 



                                                                                                          Dehing-Oberije 18

22. Akaike H. A new look at the statistical model identification. IEEE 

Transaction on Automatic Control 1974;19:716-723. 

23. Blanchon F, Grivaux M, Asselain B, et al. 4-year mortality in patients with 

non-small-cell lung cancer: development and validation of a prognostic index. 

Lancet Oncol 2006;7:829-836. 

24. Langendijk H, de Jong J, Wanders R, et al. The relevance of the revised 

version of the international lung cancer staging system for non-small-cell lung 

cancer treated with radiotherapy. Clin Lung Cancer 2001;3:33-36. 

25. Berghmans T, Lafitte JJ, Thiriaux J, et al. Survival is better predicted with 

a new classification of stage III unresectable non-small cell lung carcinoma 

treated by chemotherapy and radiotherapy. Lung Cancer 2004;45:339-348. 

26. Werner-Wasik M, Scott C, Cox JD, et al. Recursive partitioning analysis of 

1999 Radiation Therapy Oncology Group (RTOG) patients with locally-advanced 

non-small-cell lung cancer (LA-NSCLC): identification of five groups with different 

survival. Int J Radiat Oncol Biol Phys 2000;48:1475-1482. 

27. Vansteenkiste JF, De Leyn PR, Deneffe GJ, et al. Survival and prognostic 

factors in resected N2 non-small cell lung cancer: a study of 140 cases. Leuven 

Lung Cancer Group. Ann Thorac Surg 1997;63:1441-1450. 

28. Andre F, Grunenwald D, Pignon JP, et al. Survival of patients with 

resected N2 non-small-cell lung cancer: evidence for a subclassification and 

implications. J Clin Oncol 2000;18:2981-2989. 



                                                                                                          Dehing-Oberije 19

29. van Der Wel A, Nijsten S, Hochstenbag M, et al. Increased therapeutic 

ratio by 18FDG-PET CT planning in patients with clinical CT stage N2-N3M0 

non-small-cell lung cancer: a modeling study. Int J Radiat Oncol Biol Phys 

2005;61:649-655. 

30. Buccheri G, Ferrigno D. Importance of weight loss definition in the 

prognostic evaluation of non-small-cell lung cancer. Lung Cancer 2001;34:433-

440. 

31. Tammemagi CM, Neslund-Dudas C, Simoff M, et al. In lung cancer 

patients, age, race-ethnicity, gender and smoking predict adverse comorbidity, 

which in turn predicts treatment and survival. J Clin Epidemiol 2004;57:597-609. 

32. Belani CP, Marts S, Schiller J, et al. Women and lung cancer: 

epidemiology, tumor biology, and emerging trends in clinical research. Lung 

Cancer 2007;55:15-23. 

33. Komaki R, Scott CB, Byhardt R, et al. Failure patterns by prognostic group 

determined by recursive partitioning analysis (RPA) of 1547 patients on four 

radiation therapy oncology group (RTOG) studies in inoperable nonsmall-cell 

lung cancer (NSCLC). Int J Radiat Oncol Biol Phys 1998;42:263-267. 

34. Borst GR, Belderbos JS, Boellaard R, et al. Standardised FDG uptake: a 

prognostic factor for inoperable non-small cell lung cancer. Eur J Cancer 

2005;41:1533-1541. 



                                                                                                          Dehing-Oberije 20

35. Davies A, Tan C, Paschalides C, et al. FDG-PET maximum standardised 

uptake value is associated with variation in survival: analysis of 498 lung cancer 

patients. Lung Cancer 2007;55:75-78. 

36. van Baardwijk A, Dooms C, van Suylen RJ, et al. The maximum uptake of 

(18)F-deoxyglucose on positron emission tomography scan correlates with 

survival, hypoxia inducible factor-1alpha and GLUT-1 in non-small cell lung 

cancer. Eur J Cancer 2007;43:1392-1398. 

37. van Baardwijk A, Bosmans G, Boersma L, et al. PET-CT-Based Auto-

Contouring in Non-Small-Cell Lung Cancer Correlates With Pathology and 

Reduces Interobserver Variability in the Delineation of the Primary Tumor and 

Involved Nodal Volumes. Int J Radiat Oncol Biol Phys 2007;68:771-778. 



                                                                                                          Dehing-Oberije 21

Table 1. Patient characteristics (n=270) 

Male/female 210 / 60 

Age 36-90 years (mean, 69 years) 

WHO-PS: 0 / 1 / 2 / 3 / 4 85 / 142 / 33 / 3 / 0 

CCI: 0 / 1 / 2 / 3 / 4 / 5 87 / 86 / 54 / 22 / 9 / 3 

weight loss: <10% /  ≥10% 173 / 32 

FEV1 (%) 17-139 (mean, 70%) 
SCC/adenoca/large/other/no 
histology 98 / 38 / 91 / 9 / 34 

clinical stage I / II / IIIA / IIIB 66 / 21 / 68 / 112 

T-stage: T1 / T2 / T3 / T4 / Tx 53 / 105 / 31 / 78 / 2 

N-stage: N0 / N1 / N2 / N3 / Nx 107 / 14 / 93 / 49 / 4 

GTVprimary (cc) mean 93 (SD, 99) 

GTVnodal (cc) mean 32 (SD, 42 ) 

positive nodal stations (0 / 1-2 / ≥ 3) 127  / 90 / 53 

EQD2,T (Gy) mean 55.8 (SD, 6.6) 

overall treatment time (days) mean 37 (SD, 9) 

fractionation (once/twice daily) 195 / 75 

chemotherapy (no/sequential) 119 / 151 
 

Abbreviations: WHO-PS= world health organization - performance scale;  

CCI= Charlson comorbidity index; FEV1 = forced expiratory volume in 1s;  

SCC = squamous cell carcinoma; EQD2,T  = equivalent radiation dose at 2 Gy, 

corrected for time
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Table 2. Multivariate cox regression models       

Model Variable Hazard Ratio 95% CI p AIC Harrell’s C 

Model 1 (final) gender           1965.8 0.68 

 male 1 (ref)       

 female 0.45 0.31 - 0.66 <0.001   

 WHO-PS        

 0 1 (ref)       

 1 1.53 1.10 - 2.11 0.01   

 ≥ 2 1.84 1.19 - 2.85 0.006   

 PLNS        

 0 1 (ref)       

 1-2 1.51 1.09 - 2.09 0.014   

 ≥ 3 1.95 1.34 - 2.85 0.001   

 EQD2,T        

 ≤ 55 1 (ref)       
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 > 55 0.70 0.51 - 0.96 0.025   

  ln GTV (cc) 1.49 1.26 - 1.75 <0.001   

Model 2 gender, WHO-PS, EQD2,T,           1989.9 0.65 

  T-stage, N-stage             

Model 3 gender, WHO-PS, EQD2,T,           2001.2 0.62 

  overall stage               

abbreviations: WHO-PS=World Health Organisation performance scale, PLNS= number of positive lymph node 

stations; EQD2,T = equivalent dose (2 Gy) corrected for time; ln= natural logarithm; GTV = gross tumor volume; 

AIC= Akaike's information criterion; Harrell’s C= Harrell's concordance index 
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Figure 1. Overall survival according to  

A. The number of positive lymph node stations on FDG-PET scan: no, 1-2 and ≥ 3. 

B. N-stage  
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Figure 2. Predicted probability for 2-year survival based on the multivariate Cox 

regression model. Patients received a high equivalent radiation dose, at 2 Gy, corrected 

for time (> 55 Gy) and WHO-performance score was 1 (median value of the population). 

The natural logarithm (ln) of the GTV was used. 

A. males B. females  
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