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Abstract

Purpose—Prognostic factor analyses have proven useful in predicting outcome in patients with
newly diagnosed malignant glioma. Similar analyses in patients with recurrent glioma could
substantially affect the design and conduct of clinical trials.

Patients and Methods—Between 1995 and 2002, 333 adults with recurrent gliomas were
enrolled on 10 phase | or Il trials of systemic or local therapy. The studies had similar inclusion
criteria and were conducted within the NABTT CNS Consortium. Ninety-three percent of the
patients have died. Cox proportional hazards (PH) regression and recursive partitioning analysis
(RPA) were performed to identify prognostic factors.

Results—Factors associated with an increased risk of death were increased age, lower Karnofsky
performance status (KPS), initial and on-study histologies of glioblastoma multiforme (GBM),
corticosteroid use, shorter time from original diagnosis to recurrence, and tumor outside frontal
lobe. The final PH model included initial histology of GBM (relative risk (RR)=2.01), 10 year
increase in age (RR=1.23), KPS<80 (RR=1.54), and corticosteroid use (RR=1.49). RPA resulted
in 7 classes. Median survival time was poorest in non-GBM patients with KPS<80 or GBM
patients, age=50, taking corticosteroids (4.4 mo; 95% confidence interval (C1)=3.6-5.4), best in
patients with initial histology other than GBM with KPS=80 and tumor confined to the frontal
lobe (25.7 mo; 95% CI=18.7-52.5), and was 7.0 mo (95% CI=6.2-8.0) for all patients.

Conclusion—Initial histology, age, KPS, and corticosteroid use are prognostic for survival in
recurrent glioma patients. To allow comparisons across Phase 11 trials, enrollment criteria may
need to be restricted.
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Introduction

The prognosis for patients with recurrent glioma is poor and few therapies have been found
to be efficacious.13 Novel therapies for this patient population are frequently tested in
uncontrolled or historically controlled phase 1 trials with the assumption that the patients in
these trials are homogeneous. However, the patients may differ on several characteristics,
including age, performance status, initial or on-study histology, time from initial diagnosis
to recurrence, location of tumor and whether it is resectable, number and type of prior
therapies, and use of concomitant medications (e.g., corticosteroids, anti-convulsants).

Prognostic factor analyses have proven useful in predicting outcome in patients with newly
diagnosed malignant glioma. Factors such as age, Karnofsky performance status (KPS), and
extent of resection have been shown to be prognostic for survival in newly diagnosed
patients in the RTOG recursive partitioning analysis (RPA).# As these prognostic factors
have more impact on survival than the currently available therapies, randomized prospective
clinical trials in newly diagnosed high grade gliomas are now stratified to account for these
differences. Likewise, phase Il studies in this patient population are analyzed using
published RPA data so results can be fairly compared with other uncontrolled trials. If this
were not done, studies entering patients with more favorable prognostic factors would
appear superior even if the therapy was ineffective.

Few studies have examined prognostic factors in patients with recurrent high grade gliomas
and the findings have not been consistent. As most novel agents and approaches are studied
in patients with recurrent high grade gliomas before they are given to patients who have just
been diagnosed, a similar RPA analysis in patients with recurrent disease would be
extremely important in deciding which novel therapies should be pursued and which should
be abandoned. The objective of our study was to determine whether baseline demographic
and clinical characteristics are prognostic for survival in patients with recurrent glioma
utilizing RPA.

Patients and Methods

Between 1995 and 2002, 333 adult patients were enrolled on 10 phase | or Il clinical trials
for the treatment of recurrent glioma conducted within the New Approaches to Brain Tumor
Therapy (NABTT) CNS Consortium.? These trials are described in the Online Table. Six of
the trials involved systemic chemotherapy treatment; 9-aminocamptothecin (9-AC)5,
suramin’, phenylbutyrate8, aprinocarsen?, irinotecan (CPT-11)10.11 and oral procarbazine.12
The other four were trials of local chemotherapy or brachytherapy; Gliadel®3, the Gliasite
Radiation Therapy System (RTS)4, Onyx-01515, and Gliadel® and intravenous O6-
benzylguanine.1® The trials were approved by the Cancer Therapy Evaluation Program at
the National Cancer Institute and the institutional review boards at each NABTT CNS
Consortium participating site. The sites that participated in at least one of these trials were:
the University of Alabama, Brown University, the Cleveland Clinic, Columbia University,
Emory University, Henry Ford Hospital, the Johns Hopkins University, Massachusetts
General Hospital, Moffett Cancer Center, Northwestern University, the University of
Pennsylvania, the University of Texas at San Antonio, Wake Forest University, and

J Clin Oncol. Author manuscript; available in PMC 2014 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Carson et al.

Page 3

Washington University. None of the treatments in the phase Il trials were found to be
efficacious.

The studies had similar inclusion criteria. Eligible patients were at least 18 years of age, had
histologically proven malignant glioma (anaplastic astrocytoma (AA), anaplastic
oligodendroglioma (AO), or glioblastoma multiforme (GBM)), had progression or
recurrence, and had a KPS = 60. Three of the studies (9-AC, RTS, and phenylbutyrate) did
not require previous radiation therapy (RT), and there was no minimum elapsed time
between RT and enrollment for Gliadel®, only 28 days for phenylbutyrate, and two months
for 9-AC. The other studies required prior RT and = 3 months since completion. The
phenylbutyrate, Gliadel®, RTS, and 06-benzylguanine protocols did not limit the number of
prior chemotherapies allowed, but the other protocols limited them to one or two. Other
eligibility criteria included: = 3 weeks since last dose of non-nitrosourea chemotherapy, = 6
weeks since a nitrosourea chemotherapy, and hematologic and biochemical parameters
within an acceptable range. Additionally, patients could not be pregnant or breast-feeding
and needed to have a minimum life expectancy of = 2 months. All patients gave informed
consent.

Prognostic Factors

Survival

Patient prognostic factor data were collected at the baseline visit as part of each study.
Demographic factors were age at entry, sex, and race. Clinical factors assessed were KPS,
initial histology, time from initial histology until study entry, histology at study entry, site of
tumor, and hemoglobin level. Treatment factors included steroid use, anticonvulsant use,
surgical resection as part of study, and number of prior chemotherapies, surgeries, and
radiation therapies.

Twelve patients were enrolled in two of the studies and are included in the analysis twice.
However, the demographic, clinical characteristics and survival data are specific to the
respective study, and therefore these are treated as independent observations. Though this
may not be ideal, excluding the patients' data from either or both of the studies also could
introduce a bias.

All enrolled patients, even if off treatment or off study, were routinely followed for survival.
Overall survival time was calculated from date of start of treatment on the present study

until the date of death from any cause. Patients still alive or lost to follow-up were censored
at the date of last follow-up. At the time of analysis, 308 of the 333 patients (93%) had died.

Statistical Considerations

Continuous data were summarized with medians and ranges and categorical data with
frequencies and percents. Some factors were recoded into dichotomies because of infrequent
values. These included: race, recoded as white and non-white; histology (both initial and on-
study), recoded as GBM and non-GBM; prior chemotherapies, as <1 and =1, and also <2
and =2; prior surgeries, as <2 and =2; prior RT courses, as <2 and =2. Tumor site was
dichotomized into tumor confined to the frontal lobe and at least some tumor outside of the

J Clin Oncol. Author manuscript; available in PMC 2014 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Carson et al.

Results

Page 4

frontal lobe because previous studies have shown a reduced risk of death when the tumor is
confined to the frontal lobe.17:18 Age and KPS were analyzed as continuous measures and
were also dichotomized. Age was dichotomized at the median (50 years) and also at 40 and
60 years. KPS was dichotomized at <80 and at <90.

The comparability of survival times for each protocol was assessed in two ways. First, the
hazard rate, calculated as the number of deaths divided by the total patient-years of follow-
up, and 95% confidence interval (CI) were computed for each protocol. Then Cox
proportional hazards (PH) regression analysis® was used to compare survival from each
protocol to the combined data from the other protocols.

Univariate PH regression analysis was performed to identify possible prognostic factors
associated with an increased risk of death. Factors identified as being possible predictors in
the univariate analysis, defined as a p value < 0.20, were then included in a backward
stepwise multivariate analysis. The least significant factor was dropped from the model, and
the model was refit. This process was repeated until only significant factors (p<0.05)
remained. Because some factors had missing data, a forward analysis was also performed to
confirm the final model.

RPA was performed based on the log-likelihood ratios from the PH regressions.2? Data were
partitioned on the factor with the greatest log likelihood, then univariable PH regressions
were refit on the partitioned data. This process continued until either no more factors were
significant at the p<0.05 level, or the remaining sample size was less than 20. Kaplan-Meier
survival estimates?! (KM) were obtained for each of the RPA classes, and tested for
inequality with the Wilcoxon test. Amalgamation of classes with similar survival times was
then performed and the curves were plotted.

Confidence intervals were calculated using standard methods. Analyses were performed
using SAS version 9 (SAS Institute, Cary, NC). All reported p values are two-sided.

Demographic and clinical characteristics of the patients by trial are presented in Table 1 and
for all patients combined in Table 2. The hazard rate and 95% CI for each protocol are
shown in Figure 1. Only one protocol was significantly different than the others for survival
on PH regression analysis. The phase Il study of aprinocarsen exhibited an increased risk
when compared to the combined data from the other trials (risk ratio (RR) = 1.62, 95%
ClI=(1.02, 2.56)). Grossman and colleagues propose that the integrity of the blood brain
barrier could be a possible reason for this increased risk of death.® However, there were only
21 patients in this trial and differences in known prognostic factors, such as KPS and
histology cannot be ruled out as the cause. Therefore, we included these patients in our
primary analysis reported here. We then excluded these patients, repeated the analysis, and
obtained nearly identical results.

The results of the univariate PH regression analysis are in Table 3. The factors that were at
least marginally associated with an increased risk of death (p < 0.20) included increased age,
lower KPS, initial and on-study histologies of GBM, corticosteroid use, shorter time from
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initial diagnosis, and tumor located outside of the frontal lobe. These factors were included
in the multivariate PH regression analysis. The final multivariate regression model included:
initial histology of GBM vs other (RR=2.01; 95% CI=(1.50, 2.70); p<0.0001), decade
increase in age (RR=1.23; 95% CI=(1.10, 1.37); p=0.0002), KPS of 60-70 vs 80-100
(RR=1.54; 95% CI=(1.18, 2.00); p=0.001), and corticosteroid use (RR=1.49; 95% CI=(1.13,
1.96); p=0.005).

The RPA, displayed in Figure 2, resulted in 7 terminal nodes (or classes). The first partition
was initial histology. For the non-GBM patients, the next split was KPS, dichotomized at <
80 and = 80. For the partition with poorer KPS, no further variables were prognostic for
survival. For the better KPS group, an additional partition of tumor location was prognostic.
For the GBM patients, age dichotomized as < 50 and = 50 was the next split. KPS,
dichotomized as < 90 and = 90 was the final partition for patients < 50 years of age. For
patients who were at least 50 years of age, corticosteroid use was the final partition.

Median survival time for these 7 RPA classes ranged from 3.8 months to 25.7 months. The
survival times for class 3 compared to class 7 and for class 5 compared to class 6 were not
significant on the Wilcoxon test for inequalities, so these classes were combined and the
resulting KM survival curves were plotted (Figure 3). The median overall survival for all
patients was 7.0 months (95% CI1=6.2, 8.0). Median survival was poorest in non-GBM
patients with KPS < 80 or GBM patients, age = 50, taking corticosteroids (4.4 months; 95%
Cl=3.6, 5.4) and best in patients with initial histology other than GBM with KPS > 80 and
tumor confined to the frontal lobe (25.7 months; 95% CI=18.7, 52.5).

The RPA analysis selected different prognostic factors for the GBM and non-GBM strata.
To validate this finding, we stratified the patients by initial histology and ran separate PH
models on each stratum. For the non-GBM stratum, the final multivariate PH model
included KPS of 60-70 vs 80-100 (RR=3.38; 95% CI=1.94-5.86; p<0.0001), age = 60 vs <
60 (RR=2.45; 95% CI1=1.16-5.17; p=0.02) and tumor outside frontal lobe vs confined to
frontal lobe (RR=2.04; 95% CI1=1.09-3.82); p=0.03). This model contains all of the factors
that were significant in the RPA and the additional prognostic factor of age dichotomized at
60 years. For the GBM stratum, the final PH model included age = 50 vs < 50 (RR=1.51;
95% CI=1.13-2.03; p=0.006), 10 point increase in KPS (RR=1.13; 95% CI=1.01-1.27;
p=0.04) and steroid use (RR=1.42; 95% CI=1.01-1.99; p=0.04). The factors in this model
were the same as in the RPA, though the cut points were different for age and KPS.

Tumor grade was available for 94 of the 98 patients that had initial histology other than
GBM; 17 (18%) were low grade and 77 (82%) were high grade gliomas. All 17 of the
patients with low grade glioma had died and 47% of them had on-study histology of GBM.
The percent of patients with low grade glioma at initial histology in RPA class 1 was 26%,
in RPA class 2 was 16% and in RPA class 3 was 18%.

Though a large number of factors were tested in the RPA analysis, the significance level was
set at p < 0.05. If a more stringent requirement of p < 0.01 were used, most of the partitions
would remain. Only the partition of tumor location (p=0.03) in the non-GBM stratum and
the partition of KPS (p=0.03) for the GBM, age < 50 stratum would not have been made.
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The comparison of the RPA nodes would reflect these same results; RPA classes 1 and 2
would not be significantly different (p=0.03), and the RPA classes of 2 and 4 would not be
significantly different (p=0.02).

Discussion

Our data suggest that patients with recurrent gliomas entering clinical trials have widely
variable outcomes based on baseline demographic and clinical characteristics. The most
significant of these prognostic factors are initial histology, KPS, age and corticosteroid use.
The differences seen in the median survival time between our 7 RPA classes are larger than
the treatment effects being evaluated in many studies. RPA classes 1 and 2, where the initial
histology was other than GBM and KPS was = 80, consisted of 20% of the patients in our
database. Their median survival time was greater than 17 months. Compared to the 7.0
month median survival time for our entire cohort of patients this survival difference is quite
large. Restricting the analysis to those patients whose initial diagnosis was GBM, the
median survival times for the nodes varies from 4.9 months to 10.4 months.

Many phase 1l studies in recurrent glioma restrict enrollment to GBM or GBM and AA, but
they do not restrict enrollment to those that had an initial diagnosis of high grade glioma.
Our results suggest that this may be inappropriate if the goal is to have a relatively
homogeneous population that could be compared to other similarly constructed trials.
Though a few of the studies in the present analysis allowed on-study diagnoses of AO, there
were relatively few patients with this diagnosis. Excluding these patients from the analysis
did not reduce the median survival time for RPA nodes 1 and 2 by more than 0.3 months.

The finding of age, KPS, and extent of resection being prognostic for survival in recurrent
glioma is not unexpected. They have been shown to be powerful prognostic factors for
survival in newly diagnosed patients using RPA.# Other studies suggest that corticosteroid
dose was prognostic for survival in newly diagnosed gliomas.?2-24 The study by Hohwieler
Schloss and colleagues included patients with all histological grades and found that the 15
patients with less corticosteroid dependency had a median survival time of 29 months
compared to 5 months for the 29 patients with greater corticosteroid dependency.

Nevertheless, very few studies have directly addressed prognostic factors in recurrent
gliomas. Wong and colleagues2> performed RPA in recurrent glioma, using histology at
recurrence as a prognostic factor and limiting the sample to those with recurrent GBM or
AA. Similar to our study, histology was the first split in their RPA, and for the AA
subgroup, the next split was KPS. However, they had no further significant splits in their
analysis. Perhaps that is due to the younger age of their patients (median 45 years compared
to median 50 years in the present study), and that they were testing age dichotomized at 40
years. A second study found no association of tumor grade, and only KPS to be prognostic
for survival in recurrent glioma.26.

Our study focused on prognostic factors related to survival rather than on progression-free
survival (PFS). There are several reasons for this. First, the NABTT CNS Consortium
studies included in this analysis had formal endpoints that were either response rate or
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survival. Second, the survival endpoint is unequivocal in contrast to the frequently used 6-
month PFS. This measure uses bi-monthly MRIs which are a measure of blood-brain barrier
dysfunction rather than true tumor size. Furthermore, it is subjective, susceptible to
manipulations of glucocorticoid dose or therapies which may increase or decrease blood-
brain barrier dysfunction, and has an artificial 6-month cut-off even if in retrospect that
patient had been slowly progressing. Finally, given the huge effect that prognostic factors
have on survival in patients with recurrent gliomas as shown in this study, it is highly likely
that the same results would apply to PFS as Wong and colleagues?® reported in their study.

There are a few limitations to our study. First, the resulting algorithm has not been validated
in a different dataset. We plan to validate the algorithm when sufficient patients have been
treated on other phase | and Il NABTT recurrent glioma trials. Secondly, no data were
collected on subsequent therapies that patients received after going off the study included
here. However, this is frequently the case in many trials, and thus contributes to the
generalizability of the results. Data from both phase | and 1l studies were included.
However, none of the phase 1l studies were found to be efficacious and we first compared
the survival times for each study. Lastly, there is some variation in the patient eligibility
criteria between studies.

Phase Il trials play a critical role in the assessment of novel therapeutic approaches in
patients with high grade gliomas. As it would be far too costly and inefficient to conduct
large randomized prospective trials of all novel treatment concepts, estimated response rates,
6 month PFS, and overall survival from phase Il trials are compared in order to decide which
therapies should be studied further. From the data presented in this manuscript, it is clear
that patients with recurrent gliomas have strikingly different prognoses depending on their
initial histology, age, KPS, and corticosteroid use. The RPA data from this study will permit
investigators to design studies with more homogeneous patient populations or to
retrospectively adjust outcome data thereby improving investigators' abilities to
appropriately compare outcomes across phase Il studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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The hazard rate and 95% confidence interval for the 10 protocols included in this study. The
size of the diamond is proportional to the number of patients in the trial.
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Figure 2.

Results of the recursive partitioning analysis (RPA). The terminal nodes are represented by
squares, which contain the number of deaths out of the number of patients in those nodes, as
well as the median survival time in months. The RPA classes are numbered below the
squares.
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Figure 3.
Kaplan-Meier survival curves for the 5 different classes from the RPA. The curves were

truncated at 60 months.

J Clin Oncol. Author manuscript; available in PMC 2014 August 01.



Page 13

Carson et al.

*Apms sty 1oy ajqejreAe exep uigojBowsy oN
x

Adelay) uonelpel ‘1 H ‘sisoubeip ‘xp ‘awloyjnw ewoise|qollb ‘NGO ‘snieis souewiopad Aysjoured] ‘SdM :SUoNeIABIqqY

] 0 12 0 0 € g 2 LT 6T T< % ‘LY Jold
6 8¢ 62 0¢g 1§ Ly 2§ Ly 9 L T< 9% ‘A1abuns Joud
43 4 v1 LT 14 L 8¢ L€ 9 01 1< % ‘Adesayjowayd Jold
16 69 1S 9 TL 88 98 L 16 69 0< % ‘Adesayiowsyd Jond
SyT 8€T x YT (A4 zer 6'CT Lt g€l oYt uelpaw ‘uigojfowsH
89 88 19 A 98 zL 18 v8 16 69 s9A 95 ‘9N JUBSINAUOONUY
19 L 98 18 85 0L GL 8 28 09 sk 95 ‘asn PI0JaISOd1I0D
0L 08 19 8 18 16 6 68 16 08 $9A 9% ‘9q0] [E}UOL4 BPISINO Jown |
9eT €0 G'6 16 GTl 0Tl 7’6 zot L0T 87T SUIOL UBIP3L ‘XP [BIHUI WOJY SLUIL
€8 06 98 LL 0L 6L 9L 9L 16 29 INED % ‘ABojoisiy Apnis-uQ
€L 18 L 0L 95 ) L9 85 €L 95 INED % ‘ABojoisiy [eniul
74 62 €e A 62 8z 8e €e 1z 1€ 0.-09 % 'Sd
€e Sy 29 LS 9 14 19 19 9 6 08-09 % ‘SdM
06 06 08 08 08 06 08 08 08 06 UBIPaW ‘Sd
25 I4 8y 8y 95 8Y 9 16 6§ Ly steak uelpaw ‘aby
0 14 62 14 8 6 0 6T 0 L 3HYM-UOU 9 ‘d0eY
L 19 L 2L 9L 65 TL L9 00T 09 3[eW 9% ‘13pusD

XAUD 9990 aNselD  @epeID  gJedodd  TT-1dD  ouudy  |Ausyd ulweInS  Dv-6
el 119vN

‘Tern (L19vN) wniuosuo) SN Adelsy Jown] uresg o] saydeosddy maN Ag Sa1IsLIs1oeIRYD [RIIUID pue dlydeiBowsap auljaseg

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Clin Oncol. Author manuscript; available in PMC 2014 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Carson et al.

Baseline demographic and clinical characteristics for all patients.

Table 2

Total N N (%) or Median (range)

Gender, male

Race, non-white

Age, years

KPS

KPS, 60-80

KPS, 60-70

Initial histology, GBM
On-study histology, GBM
Time from initial dx, months
Tumor outside frontal lobe
Corticosteroid use
Anticonvulsant use
Hemoglobin

Prior Chemotherapy, >0
Prior Chemotherapy, > 1
Prior Surgery, > 1

Prior RT, > 1

Surgical Protocol

333
333
333
321
321
321
325
329
325
307
322
328
246
326
326
328
328
333

228 (68.5)
29(8.7)
49.8 (18.5-75.0)
80 (60-100)
171 (53.3)
95 (29.6)
219 (67.4)
255 (77.5)
10.7 (3.2-231.1)
255 (83.1)
227 (70.5)
227 (69.2)
13.8 (9.6-17.5)
241 (73.9)
55 (16.9)
146 (44.5)
22(6.7)
130 (39.0)

Abbreviations: KPS, Karnofsky performance status; GBM, glioblastoma multiforme; dx, diagnosis; RT, radiation therapy
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Results of univariable proportional hazards regression analysis.

Table 3

Risk Ratio  95% Confidence Interval P
Gender, male vs female 1.10 0.86-1.40 0.45
Race, non-white vs white 0.87 0.58-1.31 0.51
Age, decade increase 1.29 1.17-1.42 <0.0001
Age, =40 vs <40 yrs 1.59 1.20-2.11 0.001
Age, =50 vs <50 yrs 1.65 1.31-2.08 <0.0001
Age, =60 vs < 60 yrs 171 1.30-2.23 <0.0001
KPS, 10 pt increase 1.33 1.21-1.46 <0.0001
KPS, 60-80 vs 90-100 1.68 1.33-2.11 <0.0001
KPS, 60-70 vs 80-100 1.98 1.54-2.55 <0.0001
Initial histology, GBM vs other 2.36 1.81-3.09 <0.0001
On-study histology, GBM vs other 2.44 1.80-3.30 <0.0001
Time from initial dx, 1 yr increase 0.93 0.89-0.98 0.005
Tumor outside frontal lobe, yes vs no 1.88 1.36-2.60 0.0001
Corticosteroid use, yes vs no 1.65 1.28-2.12 0.0001
Anticonvulsant use, yes vs no 0.98 0.77-1.25 0.87
Hemoglobin, 1 unit increase 1.07 0.98-1.17 0.11
Prior Chemotherapy, >0 vs 0 0.95 0.73-1.22 0.67
Prior Chemotherapy, > 1 vs 0-1 0.84 0.61-1.14 0.25
Prior Surgery, > 1vs 0-1 1.02 0.82-1.28 0.85
Prior RT, > 1vs 0-1 0.97 0.62-1.53 0.91
Surgical Protocol, yes vs no 0.86 0.68-1.08 0.18

Abbreviations: KPS, Karnofsky performance status; GBM, glioblastoma multiforme; dx, diagnosis; RT, radiation therapy
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