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Abstract
Background. Historical controls continue to be used in early-phase brain tumor trials. We aim to show that his-
torical changes in survival trends for glioblastoma (GBM) call into question the use of noncontemporary controls.
Methods. We analyzed data from 46 106 primary GBM cases from the SEER database (1998-2016). We performed 
trend analysis on survival outcomes (2-year survival probability, median survival, and hazard ratios) and patient 
characteristics (age, sex, resection extent, and treatment type).
Results. In 2005-2016 (ie, the post–Stupp protocol era), fitting a parameter independently to each year, there was a 
demonstrable increase in median survival (R2 = 0.81, P < .001) and 2-year survival probability (R2 = 0.55, P = .006) for 
GBM. Trend analysis of the hazard ratio showed a significant time-dependent downward trend (R2 = 0.62, P = .002). 
When controlling, via multivariable Cox regression modeling, for age, sex, resection extent, and treatment type, 
there was a persistent downward trend in hazard ratios with increases in calendar time, especially in the most re-
cent data.
Conclusion. Contemporary GBM patients face a different overall hazard profile from their historical counterparts, 
which is evident in changes in measures of patient survival and parametric hazard modeling. Though there was a 
plateau in these measures before 2005 (pre–Stupp protocol), there is no evidence of a new plateau in recent years 
even when controlling for known prognostic factors (age, sex, resection extent, and treatment type), suggesting 
that it may be insufficient to match contemporary patients and noncontemporary controls on the basis of these 
factors.
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Long-term trends in glioblastoma survival: implications 
for historical control groups in clinical trials

  

In recent years, there has been increasing acknowledg-
ment that the use of “historical control” data as a proxy 
for a true control arm in early-phase efficacy trials is a sub-
optimal research design, particularly in neuro-oncology.1 
Though investigators have previously articulated argu-
ments against the use of historical comparisons on the 
basis of individual early-phase trials that produced mis-
leading results,2 no analyses of large databases have been 
conducted to provide evidence for this notion, and as a re-
sult, noncontemporary controls continue to be used.3–7 Our 
work is motivated by the rationale that a large longitudinal 

analysis of survival data may provide compelling evidence 
of changing baseline trends, which could provide strong 
cautionary evidence against using historical comparisons 
in early-phase efficacy trials.

To conduct longitudinal trend analyses, we used the 
latest data from a large prospective national tumor registry. 
We assessed trends in survival before and after the gen-
eralization of the Stupp protocol,8 with the rationale that 
a consistent trend of increasing survival over time (as op-
posed to a one-time upward shift in survival plateau) would 
be consistent with improving response to standard-of-care 
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treatment over time. Furthermore, we assessed whether 
adjusting the hazard ratio for glioblastoma (GBM) based on 
known prognostic factors (age at diagnosis, sex, treatment 
type, and resection extent9–11) suffices to explain increasing 
survival, thus commenting on whether matching historical 
and contemporary patients is a viable strategy in early-
phase efficacy studies. Importantly, the aim of our work is 
not simply to document that there has been an increase in 
survival metrics after the popularization of the Stupp pro-
tocol, which is already a well-documented effect. Rather, 
we wish to investigate the possibility that there has been 
a persistent upward trend in GBM survival in recent years 
that is not completely explained by the popularization of 
the Stupp protocol and may be due to complex synergistic 
effects of multiple simultaneous improvements in the care 
of GBM patients (oncological and nononcological). The ex-
istence of this persistent increase in survival would have 
important implications for the use of historical controls in 
early-phase efficacy trials.

Methods

Dataset

We used the Surveillance, Epidemiology, and End Results 
(SEER) data released by the National Cancer Institute in 
April 2019.12 SEER gathers and publishes data from regis-
tries covering approximately 28% of the US population. 
Exempt IRB approval was obtained from the University 
Hospitals of Cleveland Institutional Review Board.

Data Selection

All WHO Grade 4 gliomas available in the SEER database 
were included in a preliminary analysis of survival trends 
from 1973 through 2016 (n = 60 428). For analyses of more 
contemporary trends (2005-2016), we focused on a subset 
of patients for whom all prognostic indicators of interest 
(age, sex, extent of resection, and treatment type) were 
available (n = 46 106). To avoid confounding due to non-
random incompleteness of data, patients with missing 
data were not included in the analysis. Only microscop-
ically confirmed primary tumors were included in the 
analyses.

Surgical resection extent was captured from the SEER 
database as either radical/total resection, partial resection, 
or no surgery at the primary site. Treatment type was cap-
tured as including radiation (RT) or not, with or without 
chemotherapy, with either or both potentially unknown.

Data Analysis

Data in SEER text files were converted to R binary files 
using the R13 package SEERaBomb.14 For trend analyses, 
survival measures (median survival and 2-year probability 
of survival) were shown on the y-axis, and year of diag-
nosis was shown on the x-axis. Trend lines with associated 
adjusted R2 and P values were shown to evaluate trends in 
these measures over time.

Hazard ratios were generated using 2005 as the base-
line year (ie, hazard of death for GBM patients in 2005 was 
set at 1, and any subsequent hazard ratio less than 1 indi-
cates a decrease in the hazard of death, ie, mortality). An 
adjusted hazard ratio was generated using multivariable 
Cox regression. Year of diagnosis was treated as an addi-
tive Cox factor, and additional covariates included sex, ex-
tent of resection, and treatment type; one model was fitted 
to all the data. Trend analyses for raw and adjusted hazard 
ratios were conducted as described above.

Results

Trends in 2-Year Survival Probability After 
Glioblastoma Diagnosis

Two-year survival probabilities after GBM diagnoses in 
1973-2016 (Fig. 1) showed no clear trend before 2005 
(R2  <  0.02 for both). After 2005, however, there was a 
steady upward trend in 2-year survival probabilities (slope: 
0.3%/year, R2  =  0.55, P  <  .006). An analogous trend is 
seen for median survival after 2005 (0.2 months per year 
[R2 = 0.81]), representing a modest but significant upward 
trend (P  <  .001). Of note, the survival probability trend 
did not plateau after 2005, showing instead a consistent 
upward trend.

Trend in Unadjusted Hazard Ratio for 
Glioblastoma 2005-2016

We used 2005 as the baseline year for comparison. This 
is reasonable because it coincides with the publication of 
the Stupp protocol. Furthermore, inspection of the data 
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Fig. 1 Trends in 2-Year Survival for Glioblastoma (GBM) in the 
Pre–Stupp Protocol Era (1973-2004) and Post–Stupp Protocol Era 
(2005-2016)
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showed that the number of patients receiving RT without 
chemotherapy fell markedly between 2004 and 2005 (sug-
gesting that a time-point earlier than 2005 would be inap-
propriate). A  significant downward trend in hazard ratio 
was observed (Fig. 2, R2 = 0.62, P = .002) (Fig. 2).

Trend in Adjusted Hazard Ratio Over Time

We recognized that patient characteristics, especially re-
garding key prognostic indicators, may have changed 
meaningfully over time. Table 1 shows the changes in the 
makeup of the GBM patient population over time in terms 
of key prognostic characteristics.

To assess the degree to which changes in these patient 
characteristics may explain the changes in survival trends, 
we generated adjusted hazard ratios using multivariable 
Cox regression for 4 key prognostic factors (age at time of 
diagnosis, sex, treatment type, and extent of resection). All 
4 of these factors were significant covariates in the model 
(P < .001). Thus, the adjusted hazard ratio gives a measure 
of the hazard that is not explained by variations in these 
key prognostic factors. Adjusted hazard ratio was graphed 
over time for trends analysis (Fig. 3). A straight line does 
not provide a good fit to these data. However, inspection 
of the data shows clearly that there has been considerable 
time-dependent variability in the adjusted hazard ratio. 
This is especially true in the most recent data, for which a 
downward trend is apparent.

Discussion

Our analyses of GBM survival trends show an increase 
in “baseline” survival over the last 10 to 15  years. This 
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finding echoes the reports of previous studies that have 
also used the SEER database to investigate GBM survival 
after the popularization of the Stupp protocol. McCarthy 
et  al have reported that overall median survival for pa-
tients diagnosed in 2005-2006 was better than those diag-
nosed in 2001 (15 months and 12 months, respectively).15 
In a similar study, Johnson and O’Neill showed that me-
dian survival times had improved when comparing pa-
tients diagnosed in 2000-2003 to those diagnosed in 
2005-2008.16 Darefsky et al have reported on the increasing 
survival disparity between young and old patients in the 
temozolomide (TMZ) era, noting that 2-year survival for 
patients diagnosed in 2005-2007 was 39% for patients 
diagnosed at age 20-44 years and 1% among those diag-
nosed at age 80 years and older.17 Though our work con-
firms the findings of these earlier studies, it is important to 
note that our main finding is not limited to documenting 
the improved survival of GBM patients since the popular-
ization of the Stupp protocol (which is already widely ac-
cepted). We show that rather than a one-time rise in the 
survival plateau for GBM patients after the popularization 
of the Stupp protocol, there is in fact a persistent upward 
trend. Thus, the Stupp protocol itself does not completely 
explain the continuing trend of improved survival over 
time. Our analyses are consistent with the possibility 
that an overall improvement in the care of GBM patients 
involving the synergistic effects of improved cancer-related 
therapies (such as bevacizumab,18 tumor-treating fields 
therapy,18,19 and immunotherapies20) as well as improve-
ments in noncancer-related patient management has led to 
improved outcomes.

This finding has important implications for the ongoing 
debate over the use of historical data for comparative 
purposes in single-arm, early-phase efficacy studies. We 

recognize that many centers conducting early-phase trials 
attempt to match historical control patients with contem-
porary trial patients on the basis of matching key patient 
characteristics, which we have included in our analysis 
of adjusted hazard ratios. Visual analysis of the trends in 
adjusted hazard ratios shows clear time-dependent var-
iability, and a downward trend is especially apparent in 
recent years. Even if patients enrolled in 2016 had been 
matched with patients as historically proximate as 2014 
after adjustment for key prognostic indicators, our data 
suggest that patients would still not have been adequately 
matched in terms of their hazard of death.

The New Approaches to Brain Tumor Therapy (NABTT) 
CNS consortium published results from single-arm phase 
2 trials using the TMZ + RT backbone with the addition of 
novel agents talampanel,21 polyinosinic-polycytidylic acid-
poly-L-lysine carboxymethylcellulose,22 and cilengitide.23 It 
reported improved outcomes in comparison to the histor-
ical European Organisation for Research and Treatment of 
Cancer (EORTC) cohort. Cilengitide was carried forward to 
a multicenter, open-label, phase 3 study involving 146 sites 
in 25 countries and 545 patients. The addition of cilengitide 
to TMZ + RT did not improve outcomes and the develop-
ment of the drug in this clinical context has since been 
abandoned, with Stupp et  al noting that the decision to 
proceed to a phase 3 study was based on previous trials 
that had used noncontemporary, nonrandomized compari-
sons.24,25 In a similar sequence of events, 3 separate phase 
2 trials using historical controls reported encouraging re-
sults of the efficacy of rindopepimut (an epidermal growth 
factor receptor variant III–targeted peptide vaccine)4,26,27 
leading to a large phase 3 trial enrolling 745 patients in 
22 countries, which did not find a survival advantage of 
adding the new agent to TMZ therapy.28

In considering the provocatively encouraging results 
of the early NABTT trials, Grossman and colleagues have 
speculated that survival following treatment with standard 
TMZ + RT may have improved since 2000 when the EORTC 
study commenced.29 Our study provides evidence for this 
notion by showing that there has been an increased sur-
vival trend for the overall population of GBM patients in the 
United States since TMZ + RT became the standard of care. 
We see several possible reasons for this increase in “base-
line” survival over time. Perhaps most important, there 
has been an increasingly well-founded understanding that 
TMZ + RT contributes to blood-brain barrier dysfunction, 
leading to increased peritumoral swelling, mass effect, and 
contrast enhancement. This “pseudoprogression” is no 
longer routinely considered grounds for discontinuation 
of therapy, which has likely contributed to improved out-
comes. Furthermore, clinicians have become more adept at 
managing treatment complications as well as recognizing 
recurrence. If the trends from our data are extrapolated 
to future years (which is reasonable given the strength of 
the trends in the data), we would expect that 2-year sur-
vival measures will continue to rise. Consequently, when 
predicting survival for the control arm at the time of study 
design, future research studies would be well placed to 
consider that survival measures are likely to increase over 
the course of the study even for the control arm. Thus, this 
finding also has implications for the determination of a 
minimal clinically significant difference.
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The Response Assessment in Neuro-Oncology (RANO) 
group has previously published guidance on the design 
of phase 2 trials, in which they recognize the advan-
tages of traditional single-arm designs especially re-
lating to the issue of small sample sizes.1 We recognize 
that the prescription for including a control arm in all 
early-phase efficacy trials is likely to remain aspirational 
in the coming years. The requirement of a contempo-
rary control arm in all early-phase trials would signifi-
cantly increase the number of patients required in each 
trial. Because patients are not eager to be randomly as-
signed to a control arm, accrual may become more dif-
ficult and the total number of new agents investigated 
may decrease. This would be a particularly difficult situ-
ation in this highly fatal disease that has not, in effect, 
had a major positive drug trial since 2005. As recom-
mended by the RANO group, one way to avoid the re-
quirements of large sample size (associated with direct 
simultaneous comparison studies) and also minimize the 
difficulties of interpreting results of single-arm studies is 
to use randomized, noncomparative phase 2 designs. In 
these designs, patients are randomly assigned to experi-
mental and standard-of-care arms. The experimental arm 
is compared with historical controls to assess efficacy, 
and the standard-of-care arm is compared with historical 
controls to assess similarity of enrolled patients and his-
torical controls (and thus assess the appropriateness of 
using comparison with historical controls).

Limitations and Future Directions

A limitation of the SEER database is that patient perfor-
mance status and general well-being in daily life functions 
are not recorded. Because the KPS is thought to be an im-
portant prognostic factor for GBM patients,11 the absence 
of these data in the SEER database limits our ability to 
comment on the role of this variable in explaining the ob-
served survival trends.

The current national registry–based study provides ev-
idence for a global trend of improved GBM survival in re-
cent years, but more work is necessary to assess trends in 
clinical subpopulations. When noncontemporary controls 
are thoughtfully employed in modern studies, they are not 
selected from SEER (a large national registry) but rather 
from clinical cohorts that have been well characterized on the 
basis of key factors, including KPS, O6-methylguanine-DNA 
methyltransferase promoter methylation status, isocitrate 
dehydrogenase 1 status, as well as financial and social de-
terminants (all which are not available in SEER). Our work 
provides evidence of an increasing trend of survival among 
the overall GBM population that is not adequately explained 
by known prognostic indicators. The logical next step to 
investigate the validity of noncontemporary comparative 
arms would be to conduct analogous survival trend anal-
ysis specifically among patients enrolled in trials who have 
generally passed rigorous homogeneous selection criteria. 
If there is a persistent upward trend in survival in the trial 
patients even after adjustment for known prognostic fac-
tors, the use of noncontemporary comparison arms would 
be significantly problematized.

Conclusions

Since the introduction of the Stupp protocol in 2005, there 
has been a trend of increasing survival among GBM pa-
tients, and a new steady plateau of survival has not been es-
tablished. This finding is consistent with the possibility that 
patients are responding increasingly well to the standard-
of-care over time. Early-phase GBM trials often use histor-
ical controls matched with contemporary patients based 
on prognostic indicators. Our analyses suggest that this 
strategy may not be adequate for matching patients be-
cause there are differences in the residual hazard of death 
even after adjusting for prognostic indicators.
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