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Abstract
Background.  Glioblastoma (GBM) is the most common primary malignant brain tumor. Nomograms are often 
used for individualized estimation of prognosis. This study aimed to build and independently validate a nomogram 
to estimate individualized survival probabilities for patients with newly diagnosed GBM, using data from 2 inde-
pendent NRG Oncology Radiation Therapy Oncology Group (RTOG) clinical trials.
Methods. This analysis included information on 799 (RTOG 0525) and 555 (RTOG 0825) eligible and randomized 
patients with newly diagnosed GBM and contained the following variables: age at diagnosis, race, gender, Karnofsky 
performance status (KPS), extent of resection, O6-methylguanine-DNA methyltransferase (MGMT) methylation sta-
tus, and survival (in months). Survival was assessed using Cox proportional hazards regression, random survival 
forests, and recursive partitioning analysis, with adjustment for known prognostic factors. The models were devel-
oped using the 0525 data and were independently validated using the 0825 data. Models were internally validated 
using 10-fold cross-validation, and individually predicted 6-, 12-, and 24-month survival probabilities were gener-
ated to measure the predictive accuracy and calibration against the actual survival status.
Results.  A final nomogram was built using the Cox proportional hazards model. Factors that increased the prob-
ability of shorter survival included greater age at diagnosis, male gender, lower KPS, not having total resection, 
and unmethylated MGMT status.
Conclusions.  A nomogram that assesses individualized survival probabilities (6-, 12-, and 24-mo) for patients with 
newly diagnosed GBM could be useful to health care providers for counseling patients regarding treatment deci-
sions and optimizing therapeutic approaches. Free software for implementing this nomogram is provided: http://
cancer4.case.edu/rCalculator/rCalculator.html.
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Glioblastoma (GBM), the most common primary malignant 
brain tumor, has one of the highest mortality rates, with 
median overall survival of 12 to 14 months.1 Although there 
have been modest increases in overall survival since the 
widespread acceptance of combination chemoradiotherapy 
utilizing temozolomide, most patients die within 2  years 
after diagnosis. Treatment benefit is particularly evident for 
those who have tumors characterized by hypermethyla-
tion of the promoter region of the O6-methylguanine-DNA 
methyltransferase gene (MGMT), referred to as methyl-
ated MGMT.2–4 The current standard therapy for GBM 
includes maximal resection followed by concomitant radia-
tion therapy and temozolomide, then maintenance with 
6–12 months of temozolomide as single agent therapy.2

A nomogram accounts for several prognostic factors and 
is an easily accessible tool for physicians to use on behalf 
of their patients for (i) predicting survival, (ii) develop-
ing an individualized cancer prognosis valuable for treat-
ment decision making, and (iii) deciding the interval for 
follow-up and/or imaging.5 Such nomograms have been 
created for various diseases, including brain metastases6 
and one previously for GBM using data from a European 
Organisation for Research and Treatment of Cancer‒
National Cancer Institute of Canada (EORTC-NCIC) clinical 
trial (EORTC 26981/22981-NCIC), which enrolled patients 
between August 2000 and March 2002 (N = 573); however, 
both of these nomograms were internally validated only.7

The purpose of this study was to develop and then inde-
pendently validate a nomogram for estimation of individu-
alized survival probabilities for GBM patients treated with 
combination chemoradiation (temozolomide) that would 
be readily accessible for clinical use electronically. This was 
done using data from 2 independent, recent, and non-over-
lapping NRG Oncology Radiation Therapy Oncology Group 
(RTOG) clinical trials, 05258 and 0825.9

Methods

Data Collection and Study Population

De-identified data were provided by NRG Oncology RTOG 
for the clinical trials 0525 and 0825.8,9 In 0525, patients 
were enrolled from January 2006 through June 2008,8 and 

in 0825, patients were enrolled from April 2009 through 
May 2011.9 Protocol approval was received from the insti-
tutional review board at each study site, and informed con-
sent was obtained from each patient prior to participation. 
The 2 trials included information on a total of 833 (0525) 
and 621 (0825) randomized and eligible patients with 
newly diagnosed GBM. For each patient, the following var-
iables were obtained: survival/follow-up time in months, 
survival status (dead or alive), age at diagnosis (continu-
ous), race (white, black, or other), gender (male or female), 
Karnofsky performance status (KPS) (70, 80, 90, or 100), 
extent of resection (total/gross, subtotal, or other), MGMT 
status (unmethylated or methylated), and recursive parti-
tioning analysis (RPA) class (III, IV, or V).10,11 The analysis 
included only randomized patients who completed concur-
rent chemoradiation from both trials. After removing indi-
viduals with missing covariates (0525: 34 patients; 0825: 66 
patients), 799 patients from 0525 and 555 from 0825 were 
used for this analysis.

Statistical Analyses

Overall survival was examined for each trial using the 
Kaplan–Meier method and was compared between the 
2 trials using the log-rank test. Survival was assessed 
with adjustment for age at diagnosis, race, gender, KPS, 
extent of resection, and MGMT status using Cox propor-
tional hazards (CPH) regression, random survival forests 
(RSF), and RPA. In RSF, an ensemble tree method for ana-
lyzing right-censored survival data was used to generate 
1000 trees, and all possible split points for each variable 
were examined to find the optimal split solution. In RPA, 
a full recursive classification tree was generated and the 
least important splits were removed recursively to acquire 
the final subclassification tree with the minimal model 
deviance.

The models were trained using the data from 0525 
and were independently validated using the data from 
0825. Models were also internally validated using 10-fold 
cross-validation, and individual predicted 6-, 12-, and 
24-month survival probabilities were generated to 
measure predictive accuracy compared with the actual 
survival as “ground truth.” The predictive accuracies 
for overall survival of the 3 statistical approaches (CPH 

Importance of the study

GBM is the most common primary malignant brain 
tumor. A nomogram accounts for several prognostic 
factors and is an easily accessible tool for physicians 
to use on behalf of their patients for predicting sur-
vival, developing individualized cancer prognosis, 
and deciding the interval for follow-up and/or imag-
ing. A  nomogram for assessing survival estimates 
for patients with GBM has been developed and 
independently validated. To facilitate clinical use of 

this nomogram, free software for its implementa-
tion is provided (http://cancer4.case.edu/rCalculator/
rCalculator.html). The nomogram provides an indi-
vidualized estimate of survival rather than a group 
estimate and can be used as a companion to a recur-
sive partitioning analysis class assignment. This tool 
should be useful to patients and health care provid-
ers for counseling patients and their families regard-
ing treatment decisions, follow-up, and prognosis.
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regression, RSF, and RPA) were calculated using the con-
cordance index, which is equivalent to the area under the 
receiver operating characteristic curve for censored data, 
ranging from 0.5 to 1.12 A final nomogram was built using 
the method with the greatest predictive accuracy for indi-
vidualized estimation of survival. Calibration of the final 
model was visually evaluated by assigning all patients 
into quintiles of the nomogram-predicted 12-month 
survival probabilities and plotting the mean nomogram 
predicted 12-month survival probability against the 
Kaplan–Meier estimated 12-month survival for each quin-
tile. Calibration curves were also drawn for each dataset 
for predicted 6-month survival. Finally, histograms were 
generated to visually display and evaluate predicted 
12-month survival by RPA class (III, IV, and V), which was 
developed by NRG Oncology RTOG for categorizing glio-
blastoma based on patients’ age at diagnosis, KPS, neu-
rological function, mental status, and extent of resection. 
All analyses were performed using R v3.1.2 (http://www.r-
project.org/).

Results

Patient Selection and Patient Characteristics

Patients from both treatment arms from both trials were 
used for analysis, given that there was no difference in pri-
mary outcomes by treatment arm for these trials and there 
was no treatment interaction with prognostic variables of 
interest in the experimental arms of the trials. When all data 
from trials 0525 and 0825 were combined, P values for inter-
action with treatment arm were greater than .16, validating 
the lack of any substantial treatment effect/interaction with 
the baseline prognostic variables. For trial 0525 only, all the 
P values for interaction with treatment arm were greater 
than .16, and for trial 0825 only, all the P values were greater 
than .20. The average age at diagnosis for both trials was 
56.5 years, with 0825 having a slightly older population than 
0525 (0825 mean age: 57.70 y vs 0525 mean age: 55.70 y; P = 
.002). Similarly, the median age at diagnosis for both trials 

Table 1  Patient characteristics

Overall
(N = 1354)

Trial 0525 (training)8

(N = 799)
Trial 0825 (independent validation9)
(N = 555)

P

Age at diagnosis,  
mean (SD),

56.52 (11.62) 55.70 (11.98) 57.70 (11.00) .002

median (interquartile 
range)

58.0 (5.0, 64.0) 57.0 (48.5, 64.0) 59.0 (51.0, 65.0) .004

Race, N .644

  White 1145 (96.2%) 617 (95.8%) 528 (96.7%)

  Black or African American 23 (1.9%) 13 (2.0%) 10 (1.8%)

  Other 22 (1.8%) 14 (2.2%) 8 (1.5%)

Gender, N .488

  Male 802 (59.2%) 466 (58.3%) 335 (6.4%)

  Female 553 (4.8%) 333 (41.7%) 220 (39.6%)

KPS, N .010

  70 161 (11.9%) 91 (11.4%) 70 (12.6%)

  80 304 (22.5%) 159 (19.9%) 145 (26.1%)

  90 594 (43.9%) 356 (44.6%) 238 (42.9%)

  100 295 (21.8%) 193 (24.2%) 102 (18.4%)

Resection, N .016

  Subtotal 538 (39.7%) 339 (42.4%) 199 (35.9%)

  Total (gross) 778 (57.5%) 434 (54.3%) 344 (62.0%)

  Other 38 (2.8%) 26 (3.3%) 12 (2.2%)

RPA, N (10, 11) .002

  III 246 (18.3%) 171 (21.4%) 75 (13.7%)

  IV 884 (65.7%) 505 (63.2%) 379 (69.4%)

  V 215 (16.0%) 123 (15.4%) 92 (16.8%)

MGMT, N .265

  Methylated 388 (3.5%) 233 (31.8%) 155 (28.8%)

  Unmethylated 883 (69.5%) 499 (68.2%) 384 (71.2%)

Overall survival vital status, N <.001

  Alive 359 (26.5%) 174 (21.8%) 185 (33.3%)

  Dead 995 (73.5%) 625 (78.2%) 370 (66.7%)

http://www.r-project.org/
http://www.r-project.org/
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was 58.0 years, with 0825 having a slightly older population 
than 0525 (0825 median age: 59.0 y vs 0525 median age: 57.0 
y; P = .004). The vast majority of the patients from both trials 
were white (96.2%), with no significant difference between 
the 2 trials (P = .488). The majority of patients had KPS of at 
least 90 (0525: 44.6%; 0825: 42.9%). Slightly more than half 
of the patients had surgeon-defined gross total resection 
(57.5%), but this varied between trials, with 54.3% for 0525 
and 62.0% for 0825 (P = .016). Approximately two-thirds of 
the patients had tumors with unmethylated MGMT (69.5%), 
which did not differ significantly between the 2 trials (P = 
.265). Patient characteristics are presented in Table 1.

Survival by the Kaplan–Meier Method

To assess differences in survival between the 2 trials, with-
out adjusting for any covariates, Kaplan–Meier curves were 
generated for each trial with the pointwise 95% confidence 
intervals (Fig. 1). In 0525, there were 625 deaths out of the 
799 patients, with a median survival time of 16.0 months 
(95% CI: [14.7, 17.0]). In 0825 there were 370 deaths out of the 
555 patients, with a median survival time of 16.2 months 
(95% CI: [15.4, 17.6]). No significant difference in median 
survival time was found between these 2 trials (P = .996), 
with similar 1-, 2-, and 3-year survival rates (Fig. 1).

Survival Analysis Results and Internal 
Cross-Validation

The training dataset (0525) included information on age 
at diagnosis, gender, KPS, extent of resection, and MGMT 

methylation status. After 10-fold cross-validation was per-
formed on the training set, the concordance indices were 
calculated for each statistical method for predicting sur-
vival at 3 time points: 6, 12, and 24 months (Supplementary 
Table 1). For all 3 time points, the CPH analysis (6-, 12-, and 
24-mo: 0.656, 0.657, 0.657) outperformed RSF (6-, 12-, and 
24-mo: 0.562; 0.602; 0.597) and RPA (6-, 12-, and 24-mo: 
0.617; 0.617; 0.617). The RSF ranked the covariates in order 
of importance, with age at diagnosis being the most impor-
tant variable and extent of resection being least impor-
tant relatively. The RPA showed that the most important 
split in predicting mortality was age at diagnosis (<52.5 y 
vs ≥52.5 y). Further detailed results from the RSF and RPA 
are shown in Supplementary Table 2 and Supplementary 
Figure 1, respectively.

Nomogram and Independent Validation

The nomogram to estimate 6-, 12-, and 24-month survival 
probabilities was built using the training dataset (0525) 
and validated on the independent dataset (0825, independ-
ent validation data) (Fig. 2) using the CPH model (Table 2). 
An online calculator for the final nomogram is available via 
an Internet interface at http://cancer4.case.edu/rCalculator/
rCalculator.html.

The final CPH model was well calibrated (Supplementary 
Figure  2), with a concordance index of 0.657. For each 
quintile group, the estimated versus observed 12-month 
survival probabilities intersected the 45-degree line, indi-
cating that the predicted value approximated the observed 
value within a 95% confidence interval (Supplementary 
Figure 2).

Calibration curves were also drawn for the training data-
set (0525) for predicted 6-, 12-, and 24-month survival, as 
well as for the independent validation dataset (0825) for 
a visual comparison. In Fig.  3 the black line shows the 
observed survival rates, the gray line shows the ideal sur-
vival rates, and the dark gray line shows the optimism-
corrected survival rates. The optimism-corrected—also 
known as bias-corrected or overfitting-corrected—line 
is produced using a bootstrap approach to estimate pre-
dicted and observed values based on a nonparametric 
smoother applied to a sequence of predicted values. For 
the predicted 6-month survival plots (Figs. 3A and 3D), the 
observed and optimism-corrected lines are nearly identi-
cal, which suggests that the model’s predictions match 
expectations, although both of these lines stray from the 
ideal 45-degree line toward the low end of the outcome 
scale. The predicted 12-month survival plots (Figs. 3B and 
3E) are similar. The observed and optimism-corrected lines 
are essentially overlapping, although these lines stray a lit-
tle from the ideal line toward the low end of the outcome 
scale. For the predicted 24-month survival plots (Figs. 3C 
and 3F), all 3 lines closely align, demonstrating near per-
fect calibration.

Survival by Recursive Partitioning Analysis Class

Finally, 12-month predicted survival by RPA class 
(III, IV, and V) (10, 11)  was visually assessed through 
histograms for both the training and independent 

Fig.  1  Kaplan–Meier survival results with 95% CI curves for 
median survival in months and 95% CI for 05258: 16.0 (14.7, 17.0) 
and 08259: 16.2 (15.4, 17.6); log-rank test by clinical trial P = .996).

http://cancer4.case.edu/rCalculator/rCalculator.html
http://cancer4.case.edu/rCalculator/rCalculator.html
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validation datasets (Fig.  4). The concordance index of 
RPA applied to the validation set was 0.582. The distribu-
tions between datasets are quite similar to each other. 
Overall, RPA class  III had the best-predicted 12-month 
survival and RPA class  IV had the worst-predicted 
12-month survival.

Discussion

The objective of this analysis was to develop as well as 
validate, both internally and on an independent dataset, an 
individual prognostic nomogram for patients with newly 

Table 2  Cox proportional hazards results on training dataset (0525)8

Variable Estimate Standard Error 95% CI Wald Z P

Age at diagnosis
(continuous)

1.030 0.0039 (1.026, 1.034) 7.55 <.0001

Gender
(male vs female)

1.319 0.0869 (1.209, 1.439) 3.19 .0014

KPS
(80 vs 70)

0.723 0.1503 (0.622, 0.840) −2.16 .0307

KPS
(90 vs 70)

0.547 0.1373 (0.477, 0.628) −4.40 <.0001

KPS
(100 vs 70)

0.453 0.1524 (0.389, 0.528) −5.20 <.0001

Resection
(subtotal vs total)

1.184 0.0881 (1.084, 1.293) 1.91 .0557

Resection
(other vs total)

1.680 0.2299 (1.335, 2.114) 2.26 .0240

MGMT status(methylated vs unmethylated) 0.493 0.0972 (0.447, 0.543) −7.27 <.0001

Fig. 2  Final nomogram built on training data 05258 and validated on 08259 (http://cancer4.case.edu/rCalculator/rCalculator.html).

http://cancer4.case.edu/rCalculator/rCalculator.html
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diagnosed GBM. The CPH survival model was the best fit-
ting and calibrated model, according to a 10-fold valida-
tion concordance index evaluating 3 survival approaches 
on the 0525 training data for 6-, 12-, and 24-month survival 
rates, and included age at diagnosis, gender, KPS, extent 
of tumor resection, and methylation status of the MGMT 
promoter. This model was then independently validated on 
the 0825 dataset.

Age at diagnosis, KPS, and extent of surgical resection 
have long been defined as important prognostic factors for 
GBM.13 A similar GBM nomogram-construction study has 
been published by Gorlia et al7 using data from an EORTC-
NCIC clinical trial concluding that MGMT promoter meth-
ylation status is a significant prognostic factor for GBM 
(N = 573; P < .0001–.0003). Our results support their obser-
vation that MGMT promoter methylation status, age at 
diagnosis, KPS, and extent of surgical resection are signifi-
cant; however, the EORTC nomogram did not include gen-
der or KPS. In addition, their nomogram calculated median 
and 2-year survival only and did not include an independ-
ent validation of their final nomogram.7 The trials used for 
this analysis are the largest, most recent randomized tri-
als available in the United States for GBM testing standard 
therapy versus an experimental treatment.

In the current literature, a higher incidence of GBM 
has been reported in men compared with women, with 
males having a GBM incidence rate 1.6 times greater than 
females. Moreover, men were found to have a significant 
survival advantage compared with women in the first year 
postdiagnosis, but afterward, the difference was not signif-
icant.14 Our results suggest that females have a slight sur-
vival advantage, though the difference is not significant.

Previous studies have identified biomarkers for GBM 
prognosis and prediction of treatment response. However, 
these markers are not consistently clinically utilized due to 
issues with their uniformity, complexity, applicability, and 
cost.15–17 Promoter methylation of MGMT is an accepted 
GBM biomarker, indicating sensitivity to the alkylating 
chemotherapeutic agent temozolomide.2–4 The utility of this 
biomarker is limited because it is present in only 20%–40% 
of patients; there is no consensus on optimal measurement 
methods, and no clear cutoff points between methylated 
and unmethylated MGMT have been prospectively estab-
lished.18,19 However, Stupp et al4 found that methylation of 
the MGMT promoter was the strongest predictor for both 
outcome and clinical efficacy from temozolomide therapy.

This study had several limitations. In both the training 
(0525) and independent validation (0825) datasets, the vast 

Fig. 3  (A-F) Calibration curves for the nomogram training data (0525)8 at 6 months (A), 12 months (B), and 24 months (C) and for independent 
validation data (0825)9 at 6 months (D), 12 months (E), and 24 months (F).
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majority of the patients were white. Therefore, race was 
not found to be a significant factor and was dropped from 
the CPH model, despite evidence for differences in survival 
by race in other studies.20,21 Our study represents a large 
group of patients with newly diagnosed GBM from 2 clini-
cal trials conducted at many sites across the United States; 
however, our findings may or may not be generalizable to 
the general United States population with GBM. In both 
0525 and 0825 all patients received current standard ther-
apy for GBM—in 0525 one study arm also received dose-
intensified temozolomide,8 and in 0825 one study arm also 
received bevacizumab.9 Trial 0525 only included patients 
who completed chemoradiation therapy. Neither clinical 
trial showed significant difference in clinical outcomes, 
therefore no further adjustments for treatment arm were 
performed.8,9 However, because all patients in this study 
satisfied the inclusion criteria for 0525 or 0825, this nomo-
gram may not be applicable to GBM patients who would 
not satisfy these criteria. Caution should be used when 
applying this nomogram to patients with poor perfor-
mance status (ie, KPS <70) and with biopsy-only patients. 
Future work could include assessment of the nomogram 
in a large group of consecutive GBM patients not treated 
on controlled clinical trials; in an extra-US population; or 

in elderly patients, some of whom have not been treated 
initially with radiotherapy. Additionally, further compari-
son of performance of other prognostic models for GBM 
could be tested. Recent randomized clinical trials in elderly 
patients with GBM suggest that with monotherapy, temo-
zolomide results in superior outcomes in methylated 
tumors, whereas for unmethylated tumors, radiotherapy 
yields superior outcomes. In this context, MGMT methyl-
ation is viewed as both prognostic and predictive for the 
effect of temozolomide, but its exact prognostic and pre-
dictive value for radiotherapy in patients with GBM not 
receiving temozolomide still remains unclear. Our analysis 
did not include any radiotherapy-only patients and there-
fore this question remains unaddressed.

Despite the limitations, the CPH model was internally 
and independently validated with large contemporary clin-
ical trial datasets including arms that received the current 
standard therapy.2 Furthermore, the same statistical analy-
ses were performed switching the training and independ-
ent validation datasets for comparison (data not shown) 
and very limited variation was seen for the CPH model 
estimates, for the nomogram point assignments, or for 
the concordance indices. We also performed a sensitivity 
analysis using only patients from each trial on the standard 

Fig. 4  12-month predicted survival by RPA class10,11 for training data (0525)8 and validation data (0825).9
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therapy arms as training and independent validation sets 
(data not shown) and again very limited variation was seen 
for the CPH model estimates, for the nomogram point 
assignments, or for the concordance indices.

Conclusion

A nomogram for assessing survival estimates for patients 
with GBM has been developed. This tool provides an indi-
vidualized estimate of survival, rather than a group esti-
mate based on specific covariates. To facilitate clinical use 
of this nomogram, free software for its implementation is 
provided (http://cancer4.case.edu/rCalculator/rCalculator.
html). The nomogram provides an individualized estimate 
of survival rather than a group estimate and can be used as 
a companion to an RPA class assignment. This tool should 
be useful to patients and health care providers for coun-
seling patients and their families regarding treatment deci-
sions, follow-up, and prognosis.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
online.
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