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Abstract

Purpose—~Patients with high-grade gliomas (HGG) are frequently excluded from first-in-human
solid tumor trials because of perceived poor prognosis, excessive toxicities, concomitant drug
interactions, and poor efficacy. We conducted an analysis of outcomes from select, single-agent
phase | studies in patients with HGG. We compared outcomes to pooled analysis of published
studies in solid tumors with various molecular and cytotoxic drugs evaluated as single agents or as
combinations.

Patient and Methods—Individual records of patients with recurrent HGG enrolled onto Adult
Brain Tumor Consortium trials of single-agent, cytotoxic or molecular agents from 2000 to 2008
were analyzed for baseline characteristics, toxicities, responses, and survival.

Results—Our analysis included 327 patients with advanced, refractory HGG who were enrolled
onto eight trials involving targeted molecular (n = 5) and cytotoxic (n = 3) therapies. At
enrollment, patients had a median Karnofsky performance score of 90 and median age of 52 years;
62% were men, 63% had glioblastoma, and the median number of prior systemic chemotherapies
was one. Baseline laboratory values were in an acceptable range to meet eligibility criteria.
Patients were on the study for a median of two cycles (range, < one to 56 cycles), and 96% were
evaluable for primary end points. During cycle 1, grade = 3 nonhematologic and grade = 4
hematologic toxicities were 5% (28 of 565 adverse events) and 0.9% (five of 565 adverse events),
respectively, and 66% of these occurred at the highest dose level. There was one death attributed to
drug. Overall response rate (complete and partial response) was 5.5%. Median progression-free
and overall survival times were 1.8 and 6 months, respectively.

Conclusion—RPatients with HGG who meet standard eligibility criteria may be good candidates
for solid tumor phase | studies with single-agent molecular or cytotoxic drugs with favorable
preclinical rationale and pharmacokinetic properties in this population.

INTRODUCTION

The primary objectives of phase | oncology trials are to determine the safety, toxicity,
maximume-tolerated dose (MTD), preliminary efficacy, and recommended dose of novel
agents for phase 11 and 111 studies.! In the era of targeted therapies, phase | trials are
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increasingly enriched for patients with predictive biomarkers to obtain an efficacy signal to
make go or no-go decisions in drug development.?

To maximize patient safety and minimize the chance of nonreproducible results, phase |
studies use strict eligibility criteria that have historically excluded patients with primary
CNS tumors such as glioblastoma.3# The reasons given to exclude such patients include
poor prognosis, excessive toxicities, neurologic complications, drug-drug interactions
(DDIs) with antiepileptics, and limited efficacy as a result of poor penetration across the
blood-brain barrier.34 A recent analysis of the National Cancer Institute’s Cancer Therapy
Evaluation Program (NCI-CTEP) phase | clinical trial database of more than 3,000 patients
with solid tumors enrolled between 2000 and 2010 found only eight patients who had
primary or metastatic CNS tumors (< 0.2%).5 To date, there are no studies that have
systematically evaluated the historical barriers that prevent access to phase | clinical trials
for patients with CNS tumors. We conducted a multi-institutional pooled analysis of phase |
oncology studies of single-agent molecular or cytotoxic drugs in patients with high-grade
glioma (HGG) enrolled onto Adult Brain Tumor Consortium trials and analyzed baseline
patient characteristics and organ function, toxicities, MTD, responses, and survival. We
compared our findings to patients with solid tumors enrolled onto phase | oncology studies
sponsored by NCI-CTEP and the European Drug Development Network where molecular
and/or cytotoxic drugs were evaluated as either single agents or in combinations.>-8

PATIENTS AND METHODS

We queried a prospectively database maintained by the Adult Brain Tumor Consortium, a
multi-institutional consortium, and included phase | trials of single-agent cytotoxic or
molecular agents activated between the years 2000 and 2008 for which complete data were
available. Molecular agents are defined as drugs that target an extra- or intracellular
mechanism different from those associated with conventional chemotherapy such as DNA,
tubulin, or cell division machinery. Eligible patients were >18 years of age with
histologically proven HGG and received at least one dose of study drug. All patients had
recurrent HGG and met standard phase | eligibility criteria.

The following patient and laboratory characteristics were reviewed: age at diagnosis, sex,
race, performance status, prior radiation therapy, prior chemotherapies, and baseline
laboratory evaluations including WBC count, hemoglobin, platelet count, coagulation, AST/
ALT, total protein, and renal function. In addition, the type of concurrent antiepileptic drug
was documented. For cross comparisons between trials, Karnofsky performance score was
converted to Eastern Cooperative Oncology Group performance status.® These baseline
characteristics were compared (Table 1) to a recently published study summarizing the
outcomes of 3,104 patients with solid tumors (all carcinomas, bone and soft tissue sarcomas,
melanoma, and skin and neuroendocrine tumors) enrolled onto 127 trials sponsored by NCI-
CTEP during 2000 to 2010 evaluating molecular and cytotoxic drugs as single agents or in
combination.® Toxicities in all protocols were graded using Common Terminology Criteria
for Adverse Events (version 4.0), and older protocols using older versions (version 2.0 or
3.0) were converted to version 4.0 using conversion tables.10 We evaluated all drug-related
serious adverse events (SAEs) and dose-limiting toxicities (DLTs) during cycle 1. For each
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trial, cycle length was defined as per individual protocol (21 or 28 days). Radiographic
response to treatment was measured by New Approach to Brain Tumor Therapy or Mac-
Donald criteria,11:12

We used descriptive statistics for continuous variables and frequency counts for categorical
variables. The 2 test was used for the comparison of clinical and demographic factors in
HGG and solid tumor studies (STSs). The Kaplan-Meier method was used for the
calculation of progression-free survival (PFS) and overall survival (OS) estimates. SAS
software (version 9.4; SAS Institute, Cary, NC) was used for all study analyses.

Patient and Trial Characteristics

Toxicities

A total of 327 patients were accrued to eight phase I trials that were conducted from 2000 to
2008 (Table 1). Trial drugs are listed in Table 2.13-2° The median age was 52 years (range,
18 to 86 years) with a median Eastern Cooperative Oncology Group performance status of 0
(range, 0 to 2). All patients had a diagnosis of HGG at the time of trial entry, and 63% had
glioblastoma. The median number of prior chemotherapies was one (range, zero to six prior
chemotherapies), and temozolomide was first-line treatment in 128 (64%) of 198 patients for
whom data were available. Ninety-seven percent of patients received prior radiation therapy
as part of initial management of HGG; these data were missing for nine patients (3%).
Seventy-nine percent of all patients were on treatment with at least one antiepileptic drug
(AED). Of these, 65% were enzyme-inducing AEDs (EIAEDSs), and 12% of patients were
on two AEDs. Baseline median laboratory characteristics for HGG and STS cohorts are
listed in Table 1. Because standard deviations were not published, statistical comparisons
between laboratory values were not performed. The findings were comparable for median
age and baseline laboratory values between these two groups of patients. As expected, there
were significant differences (A< .001, #%; Table 1) between the two cohorts in terms of
performance status, sex, number of prior systemic therapies, number of study drugs, prior
radiation therapy, and metastatic sites.

A total of 7,075 all-grade adverse events (AEs) were recorded in 327 patients across all
cycles. Because the definition of DLTs can vary between studies, we broadened AEs to
include protocol-defined DLTs and other unanticipated, all-grade, SAEs that in the opinion
of the investigator were possibly, probably, or definitely related to drug during cycle 1 (drug-
related SAEs [rSAE]; Table 3). AEs within each category are listed on a per-patient basis,
and therefore, a patient may have experienced more than one AE in a category, but only the
highest grade AE is reported. A total of 565 all-grade AEs were recorded during cycle 1
with the following distribution: grade 1 to 2, 90.6%; grade 3 to 4 nonhematologic, 3.9%;
grade 3 to 4 hematologic, 5.3%; and grade 5, 0.2%. There were 33 rSAEs (5.8%) during
cycle 1 that occurred in 31 patients, which is a patient event rate of 9.4% (31 of 327
patients). As expected, more rSAEs occurred at higher doses, with rSAEs occurring at the
highest dose level and one dose level below the highest in 22 (66%) of 33 events, at the
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intermediate dose level in seven (21%) of 33 events, and at the lower dose level in 27% of
events. Of 565 related toxicities, the most common SAEs were thrombocytopenia (2.1%),
leukopenia (2.1%), constitutional (1.4%), dermatologic (1%), and neurologic (< 1%).
Neurologic toxicities were mostly grade 1 and 2 events. In addition, there were four
intracranial hemorrhages, of which two were grade 2 events during cycle 1, one was a grade
4 event during cycle 4, and one was a grade 5 event during cycle 1; all were attributed to
disease progression. In the 327 patients, there were seven disease-related deaths (2.4%)
during cycle 1 and one death (0.3%) related to study drug (ixabepilone) as a result of grade 5
infection. The seven disease-related deaths were unrelated to study drug (CNS hemorrhage
in one patient, disease progression in five patients, and unclas-sified in one patient). The
toxicities of the HGG and STS cohort are listed in Appendix Table Al (online only).

Impact on the Final Determination of MTD

The MTD was successfully declared in all HGG phase | studies (Table 2). The final dose
was in a range similar to the previously determined dose in STS. Using the MTD from STS
as the first established dose, patients with glioma on non-EIAEDs had marginally higher
doses declared as the MTD, with the exception of one study (terameprocol) where the MTD
was lower. In the cilengitide trial, the MTD was not reached in both cohorts, and in the
terameprocol study, the drug formulation was different. Patients with HGG on non-EIAEDs
had MTDs that were identical to 100% higher than that declared in STS. The start date of
phase | studies of identical study drugs lagged by approximately 2 years in patients with
HGG compared with STS.

Efficacy and Survival

Of 327 patients, 96% completed at least one cycle of an investigational agent, and the
median number of cycles received was two (range, < one to 56 cycles). Median time on
study was 1.7 months (range, 0.03 to 51.8 months). Reasons for removal from study
included disease progression (78%), drug toxicity (7%), refusal of further treatment (7%),
treatment delay of more than 14 days (0.6%), death (0.9%), and other causes (6%). In this
cohort, 14 patients (4%) were unable to complete cycle 1 for the previously mentioned
reasons. As noted earlier, radiographic responses were reported using modified MacDonald
or New Approach to Brain Tumor Therapy criteria and were centrally confirmed in most
cases. Best response to treatment was complete response (CR), partial response (PR), stable
disease (SD), and progressive disease in five (1.5%), 13 (4%), 72 (22%), and 202 patients
(61%), respectively, with 35 patients not evaluable for response. There were 47 (65.2%) of
72 patients with SD who remained on study for 3 or more months, which we arbitrarily
defined as clinically beneficial. Median times on study for patients with best response as CR,
PR, SD, and progressive disease were 14.6 months (range, 3.6 to 51 months), 7 months
(range, 1.6 to 21.3 months), 3.6 months (range, 1 to 21.8 months), and 1.4 months (range, 0
to 38 months), respectively. The overall clinical benefit rate (CR + PR + SD = 3 months)
was 19.8%. All patients were observed for survival, and the median follow-up time was 6
months (range, 0.1 to 131 months). Median PFS and OS time were 1.8 and 6 months,
respectively (Fig 1). PFS rates at 3 and 6 months were 28% and 13%, respectively.
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DISCUSSION

The annual incidence rate of primary CNS tumors in adults is 27.86 per 100,000, and
gliomas, including glioblastoma, account for 65% of malignant tumors.30 There are few
active treatments approved, and patients with refractory disease face limited treatment
options. The Cancer Genome Atlas (TCGA) data have demonstrated that there are a wide
range of mutations involved in glioblastoma that potentially can be targeted by novel
drugs.3! Patients with HGG are unable to gain access to most phase | clinical trials under
current eligibility criteria.3#:32 Historical reasons that continue to be used for the exclusion
of patients with HGG include poor life expectancy, poor performance status, fear of
excessive CNS toxicities, potential drug exclusion by the blood-brain barrier, and DDIs.34
Our data demonstrate that patients with HGG who meet standard phase | eligibility criteria
and are enrolled onto trials of appropriately chosen single-agent drugs successfully met
phase | end points, namely safety, toxicity, and efficacy.

To our knowledge, this is the first report that retrospectively examines these variables from a
prospectively maintained database of patients with HGG enrolled onto phase | oncology
trials across multiple institutions in North America. We compared our findings with the
published outcomes of patients with solid tumors enrolled onto phase | oncology trials.>8
These cohorts are ideal to evaluate baseline patient and laboratory characteristics because
they all include patients with advanced, refractory disease using similar eligibility criteria
during a similar time frame. These large cohorts represent multi-institutional studies that
were conducted in either North America or Europe and were sponsored by cooperative
groups with rigorously maintained databases. We acknowledge several limitations in our
study. An important difference between the HGG and STS cohorts is that they were
sometimes treated with different phase I drugs, and therefore, any direct comparison of
toxicities or safety is not possible. Our HGG cohort only included studies with single agents,
whereas STSs included both single-agent and combination studies. We expect combination
studies to have higher rates of toxicities and responses, and again, any direct comparison
between cohorts is not appropriate. Our initial efforts to directly compare HGG and STS
trials that used identical drugs was unsuccessful because published trials reported toxicities,
efficacy, and other variables as summary data with little uniformity in reporting between
studies.

The primary objectives of a phase | study are to evaluate the safety and tolerability of the
study drug during cycle 1.1 Patients who discontinue treatment before the completion of
cycle 1 for reasons other than DLT are not evaluable for the primary toxicity end point and
must be replaced. This negatively affects drug development by increasing time and
costs.33:34 The early discontinuation rate during cycle 1 in phase | STSs is estimated to be
14% to 16.5%.8:34 In our study, only 14 (4%) of 327 patients with HGG were unable to
complete cycle 1 as a result of disease progression or other causes. Early discontinuation is a
reflection of disease progression, patient fitness, and organ function and not a reflection of
number or type of study drug(s). Our results demonstrate that select patients with HGG who
meet standard phase | eligibility criteria have comparable fitness and organ function as their
solid tumor counterparts. Our data disprove the old belief that the performance status of
patients with HGG is too poor for participation in phase | studies.
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The patients with HGG in our cohort continued on study for a median of two cycles and
came off study for disease progression, which is typical for most phase | STSs. In patients
with HGG, safety and toxicity assessments were successfully completed in 96% of all
patients. In our cohort, 35 (10.7%) of 327 patients were not evaluable for efficacy because of
disease progression, a rate similar to that seen in STSs (12.8%).’

Only a handful of phase I studies in solid tumors have reported on the risk of grade 3 or
higher toxicities. In single-agent and combination studies, the rates of grade 3 and 4
toxicities are estimated to range from 10.3% to 36%.3536 Horstmann et al” reported a grade
4 toxicity rate of 13% and 15% for trials evaluating single-agent molecular and cytotoxic
agents, respectively, for studies conducted during 1991 to 2002. In the modern era, Molife et
al¥" reported grade 3 and 4 toxicity rates during cycle 1 of 14.1% and 1.9%, respectively,
with single-agent molecular drugs. In patients with HGG on single-agent studies evaluating
molecular or cytotoxic drugs, grade 3 or higher nonhematologic toxicities during cycle 1
constituted 5% (28 of 565 events) of all toxicities, and the rate of grade 4 or higher
hematologic toxicities was 0.9% (five of 565 events). In patients with HGG, drug-related
neurologic complications during cycle 1 were mostly grade 1 to 2 events; there were few
grade 3 events (six of 565 events, 1%) and no grade 4 or 5 events. The feared complication
of intracranial hemorrhage occurred in 1.2% of patients. Serious hemorrhagic or thrombotic
toxicity in phase | STSs is approximated at 0.8%.° The wide range in toxicities observed
among the cohorts is likely a reflection of differences in the type and number of agents
tested, trial design, dose levels, and improvements in supportive care. The serious toxicities
observed in this cohort of patients with HGG enrolled onto single-agent trials seem to be
well within the acceptable toxicity rates seen in STSs.

A common criticism is that AEDs will result in DDIs and impact MTD. Our data confirm
this for patients on EIAEDs. However, in patients with HGG who were not on EIAEDs, the
MTD is identical or marginally higher than the previously established MTD in STS. It is
reassuring to note that the MTD of identical compounds determined in HGG studies is
similar to what was observed in STS. It is not clear whether the slight differences we
observed are statistically or biologically significant. Nevertheless, this suggests that
repeating dose-escalation studies starting from the lowest dose level is unnecessary in
patients with HGG on non-EIAEDs. We suspect that the slight differences may be a
consequence of the 1- to 5-year lag in initiating clinical trials in HGG, which provided
improved understanding of toxicity profile and supportive care. In multiple phase | studies,
the most important predictor of DLT (and MTD) was performance status, albumin level, and
dose level. Importantly, the number of prior chemotherapies and age have not been shown to
impact DLT and MTD. However, we were unable to discern whether patients with HGG and
solid tumors had any significant differences in baseline characteristics because standard
deviations were not reported in published STSs. This slight difference in MTD may also be
explained by concurrent corticosteroid use in patients with HGG. Corticosteroids such as
dexamethasone are relatively weak inducers of CYP450 enzymes, and available data suggest
that they have little effect on the exposure or safety profile of drugs like irinotecan in HGG
and bortezomib in patients with myeloma or lymphoma.38:3° To further mitigate concerns of
DDils, there has been a major shift in neuro-oncology toward the use of second- and third-
generation non-EIAEDs that are cleared through the kidney and do not interact with
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CYP450 enzymes. Prophylactic AEDs are currently not recommended in patients with CNS
tumors with no history of seizures.*? When indicated, non-EIAEDs are used, and thus, the
potential for DDIs has been largely removed. We recommend that phase I clinical
researchers determine the eligibility criteria based on biologic rationale and pharmacokinetic
properties of the drug instead of excluding all patients on AEDs or corticosteroids.

Finally, the greatest barriers to enrollment of patients with HGG to phase | studies are the
perceived poor prognosis and lack of efficacy. In our study, we show that the overall
response rate to these select single agents is 5.5%, which is in the range of overall responses
seen in STSs with a single agents (3.2% to 7%).6.7 We recommend that patients with HGG
be included in single-agent phase |1 STSs when there is sound biologic rationale and
favorable pharmacokinetic properties. Most phase | eligibility criteria expect patients to have
a life expectancy of 90 days. In patients with glioma, the 3-month PFS rate, median PFS
time, and median OS time are 76%, 1.8 months, and 6 months, respectively, which are
similar to those seen in STSs.8:33

Not all patients with HGG will be appropriate to participate in phase | studies. Our study
suggests that a subset of patients with HGG who meet eligibility can be included in single-
agent phase | STS studies when study drugs demonstrate good biologic rationale and the
predicted pharmacokinetics is favorable in this population. Patients with HGG are fit, have a
low early discontinuation rate (< 4%), and can prevent delays arising from patient
replacement. Dedicated phase | studies in HGG may only be necessary when biologic
rationale and/or pharmacokinetic properties mandates it in this population. Because
actionable mutations are rapidly being discovered in HGG and solid tumors, there is little
justification to deny or delay access to some early-phase clinical trials of potentially
lifesaving drugs for patients with HGG.
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Table A1

Cycle 1 Toxicities of Cytotoxic and Molecular Agents in Patients With HGG and STS
Enrolled Onto Phase | Oncology Studies

Toxicity Grade (No. [%]) Cytotoxic Agents

Molecular Agents

Rate Rate

Rate per Rate per

per 1,000 per 1,000

No. of 1,000 Patients No. of 1,000 Patients

Patients  Patients (solid Patients  Patients (solid

Toxicity 1-2 3-4 5 No.of DLTs (glioma) (glioma) tumors) (glioma) (glioma) tumors)
No. of patients 105 575 222 1,345
Constitutional 89 (90.6)  8(1.4) 8 3 28.6 452 5 225 53.5
Cardiovascular 22 (3.8) 1(<0.5) 1 1 9.5 17.4 0 0 44.6
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Toxicity Grade (No. [%]) Cytotoxic Agents Molecular Agents
Rate Rate
Rate per Rate per
per 1,000 per 1,000
No. of 1,000 Patients No. of 1,000 Patients
Patients  Patients (solid Patients  Patients (solid
Toxicity 1-2 3-4 5 No.of DLTs (glioma) (glioma) tumors) (glioma) (glioma) tumors)
Gl 84(14.8) 2(<0.5) 2 2 19.0 33 0 0 57.2
Respiratory 4(<1) 2(<0.5) 2 2 19.0 52 0 0 7.4
Metabolic 34 (6) 3(<0.5) 3 1 9.5 31.3 2 9.0 51.3
Dermatologic 35 (6) 6(1) 6 0 0 0 6 27.02 26
Neurologic 35 (6) 5(<1) 5 0 0 17 5 225 5.9
Hematologic
WBC 42 (7) 12 (2) 5 1 9.5 104.3 4 18.0 32.7
Hemoglobin 73 (13) 1(0.8) 0 0 0.6 0 0 0.7
Platelets 61 (11) 12 (2) 0 0 2.6 0 0 15
Others 29 (5) 1(<1) 1 1 9.5 26.1 0 0 17.8

NOTE. Patients in HGG cohort only received single agents, whereas STS patients received single agents or a combination
of drugs. Grade 3 or higher nonhematologic and grade 4 hematologic toxicities are calculated as a rate per 1,000 patients.

Abbreviations: DLT, dose-limiting toxicity; HGG, high-grade glioma; STS, solid tumor studies.
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Kaplan-Meier curve of overall survival of 327 patients with primary glioma enrolled onto
phase | oncology trials between 2000 and 2008.
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Cycle 1 Drug-Related Toxicities (possible, probable, or definite) in Patients With HGG by Category

Table 3

No. of Events (%)

Toxicity Grade

Category 1-2 3-4 5 Related SAE
All toxicities (n =565) 512(90.6) 52(9.2) 1(<1) 33(5.8)
Constitutional 89 (15.7) 8 (1.4) 8 (1.4)
Cardiovascular 22 (3.8) 1(<0.5) 1(<0.5)
Gl 84 (14.8) 2(<0.5) 2(<0.5)
Respiratory 4(<1) 2(<0.5) 2(<0.5)
Metabolic 34 (6) 3(<0.5) 3(<0.5)
Dermatologic 35 (6) 6 (1) 6 (1)
Neurologic 35 (6) 5(<1) 5(<1)
Hematologic

WBC 42(7) 12 (2) 5(<1)

Hemoglobin 73 (13) 1(0.8)

Platelets 61 (11) 12 (2)

Others 29 (5) 1(<1) 1

Encephalopathy 4
Headache 18
Neuropathy 18
Other 35
Total 75

0 0

D W N
o O o o

Subcategories of all related neurologic toxicities during cycle 1

Page 18

NOTE. Toxicities within each category are listed on a per-patient basis. The sum of neurologic subcategories is greater than listed under neurology

category. Abbreviations: HGG, high-grade glioma; SAE, serious adverse event.
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