
Phase II Clinical and Pharmacologic Study of Radiation Therapy
and Carboxyamido-triazole (CAI) in Adults with Newly
Diagnosed Glioblastoma Multiforme1

Tom Mikkelsen, M.D., Richard Lush, M.D., Stuart A. Grossman, M.D., Kathryn A. Carson,
MsC, Joy D. Fisher, MA, Jane B. Alavi, M.D., and Steve Rosenfeld, M.D. for the New
Approaches to Brain Tumor Therapy CNS Consortium
Neurosurgery, Henry Ford Health System, Detroit, Michigan 48202 (TM); Department of Neuro-
Oncology, H. Lee Moffitt Cancer Center, Tampa, Florida (RL); Department of Oncology, The
Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Baltimore, Maryland (SAG,
KAC, JDF); Department of Hematology/Oncology, Hospital of the University of Pennsylvania,
Philadelphia, PA (JBA); Department of Neuro-Oncology, Columbia University, New York (SR)

Abstract
Introduction—Carboxyamido-triazole (CAI) is a synthetic inhibitor of non-voltage-gated
calcium channels that reversibly inhibits angiogenesis, tumor cell proliferation, and metastatic
potential. This study examined the efficacy, safety and pharmacokinetics of oral CAI in the
treatment of patients with newly diagnosed glioblastoma multiforme (GBM) in an open-label,
single arm non-randomized phase 2 trial.

Methods—Eligible patients with histologically confirmed GBM started CAI therapy on the first
day of radiation (6000 cGy in 30 fractions) and continued until progression, unless side effects
became intolerable. The primary outcome was survival compared to historical controls within the
NABTT CNS Consortium database. Secondary outcomes included toxicity and pharmacokinetic
parameters.

Results—Fifty-five patients were enrolled with a median Karnofsky performance status of 90
and age of 56 years. Forty-six (84%) of these patients had debulking surgeries and 52 have died.
The median survival was 10.3 months (95% confidence interval (CI), 8.5–12.8) compared to 12.1
months (95% CI, 10.3–13.3) in the NABTT reference group (p=0.97). Significant toxicities
included 2 incidents of reversible vision loss. The mean CAI plasma concentration for patients
taking enzyme inducing antiepileptic drugs (EIAED) was 1.35 ±1.22 compared to 4.06 ± 1.50
(p<0.001) for subjects not taking these agents. Overall survival and grade ≥ 3 toxicities were
comparable by EIAED status.

Conclusions—This study demonstrated that 1) CAI can be administered safely with
concomitant cranial irradiation, 2) the pharmacokinetics of CAI are significantly affected by co-
administration of EIAED, and 3) the survival of patients with newly diagnosed GBM was not
improved with this novel agent, despite achieving adequate drug levels.
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Introduction
Carboxyamido-triazole (CAI)2 is an agent initially identified in a tumor migration assay as
an inhibitor of receptor-mediated calcium influx [1]. It appears to function by inhibiting a G-
protein common to the signal transduction machinery of receptor-mediated events [2,3]. CAI
inhibits tumor cell migration and angiogenesis in vitro [4] and arrests growth and metastasis
of transplanted human melanoma and ovarian cancer xenografts [3]. Recent studies with
inhibitors of angiogenesis in animal models have suggested efficacy, with synergy
demonstrated with concurrent therapy with external beam radiation [5]. Some studies have
indicated that this synergistic activity may require only brief exposure to angio-inhibitory
agents, limited to the duration of delivery of radiation therapy (RT) [6].

Two phase 1 clinical trials with CAI in systemic cancer have been published in conjunction
with pharmacokinetics [7,8]. In the study by Kohn and colleagues, chronic oral daily dosing
of CAI in 49 patients resulted in stable serum concentrations in the range known to inhibit
calcium signaling with no evidence of drug accumulation. Toxicity was typically mild.
Although no complete or partial responses were seen, 49% of patients had stabilization of
their disease. CAI pharmacokinetics were described by a two-compartment open linear
model with no evidence of saturable elimination. Grade 1 and 2 gastrointestinal side effects
were seen in up to 50% of patients. Dose limiting toxicities, consisting of reversible grade
2/3 cerebellar ataxia in one patient and confusion in one patient, were observed in patients
treated at 350 mg/m2/day. Given the critical importance of tumor invasion and angiogenesis
in gliomas and the inevitable malignant progression seen despite conventional therapy, a
phase 2 trial of CAI was undertaken in this population.

Methods
Eligibility Criteria

Patients had histologically confirmed supratentorial grade 4 astrocytoma (GBM) untreated
except for biopsy or surgery, and corticosteroids. They must have recovered from the
immediate post-operative period, and if taking steroids, be maintained on a stable dose for at
least five days. Other eligibility criteria included: age ≥ 18 years, Karnofsky performance
status (KPS) ≥ 60, estimated life expectancy > 2 months, absolute neutrophil count > 1500/
mm3, platelet count > 100,000 mm3, hemoglobin > 9.0 g/dl, creatinine < 1.7 mg/dl, bilirubin
< 1.2 mg/dl, transaminases < 2 times above the upper limit of normal. Exclusion criteria
included intercurrent illness that might interfere with protocol treatment, and concurrent
malignancy unless disease-free > 5 years. Women of child bearing potential were required to
have a negative serum beta human chorionic gonadotropin pregnancy test, and agreed not to
breast feed. Males and females were required to use a standard contraception regimen. Each
patient signed informed consent before participating in the study. This study was approved
by the National Cancer Institute’s Clinical Trials Evaluation Program and the Institutional
Review Board of each participating institution.

Treatment Plan
Treatment with micronized CAI, 250 mg po daily, was started on the first day of
conventional fractionated external beam radiation therapy (6000 cGy in 30 fractions) and
continued daily until progression unless side effects became intolerable. The induction cycle
was 10 weeks and followed by maintenance cycles of 4 weeks each. No additional standard
or experimental chemotherapy was permitted to be given with the radiation and CAI.
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Pharmacology
During the first week of therapy, serum CAI samples were obtained prior to administration
and then daily for the first 4 days. A single sample was then obtained once every 7 ± 1 days
for 9 weeks. Thereafter, a sample was collected once every 56 ± 1 days until the patient was
removed from the study. Blood specimens (7 mL) were collected in heparinized tubes and
promptly centrifuged. Plasma CAI concentrations were determined using a previously
published method [9]. Briefly, internal standard was added to 1 mL thawed patient samples
and standards. The drug and internal standard were extracted using Bond Elute SPE
columns. The eluant was evaporated to dryness and reconstituted in mobile phase and
transferred to glass injector vials. The reconstituted sample was injected into a mobile phase
consisting of acetonitrile with 0.01M ammonium acetate: water with 0.01M ammonium
acetate (pH=6.92) (50:50) at a flow rate of 1.0 ml/min. One Waters Nova-Pak® C18 (3.9 ×
300 mm) column (Waters Corp., Milford, MA ) and a Waters Nova-Pak® C-18 pre-column
was used to separate the compounds of interest. Detection was accomplished using diode-
array detector (CAI 264 nm and Harmine at 323 nm). Mean CAI plasma concentration was
obtained by averaging the observed CAI plasma concentrations from week 2 through the end
of the induction therapy. After the pharmacokinetic results were known, a post hoc analysis
of survival by enzyme inducing anticonvulsants (EIAED) status was conducted for patients
in this trial.

Statistical Considerations
The primary endpoint of this study was survival. The primary efficacy analysis included all
accrued patients, and analyses were intention-to-treat. Overall survival time was calculated
as time from histological diagnosis until death from any cause. Event times were censored if
patient was alive at time of last follow-up. The failure rate was calculated as the number of
deaths divided by the total exposure (follow-up time). Survival distributions were estimated
using the product limit method [10], and compared using the log-rank test [11].

In addition, patient characteristics and survival of the patients treated on this trial were
compared to patients treated on similar trials of therapies administered concurrently with RT
for newly diagnosed GBM by the New Approaches to Brain Tumor Therapy (NABTT) CNS
Consortium. To control for the effects of prognostic factors on survival, adjusted risk ratios
were calculated using the proportional hazards regression model [12]. These prognostic
factors included age, KPS, and extent of surgical resection coded as craniotomy for resection
or biopsy.

The sample size of 54 was chosen to provide sufficient events over two years of study to
have 78% power to find a 30% reduction in the hazard rate compared to the NABTT
historical database to be statistically significant with a one-sided 0.10 alpha-level test. No
interim analyses were planned or conducted.

Secondary endpoints included toxicity and correlations of pharmacokinetic parameters with
toxicity and drug activity. Toxicities are reported as frequencies and percents.

Differences in patient characteristics between groups were tested for statistical significance
using chi-square and Student t tests. Confidence intervals (CI) were calculated using
standard methods. SAS software versions 8 and 9 (SAS Institute, Cary, NC) were used to
perform analyses. All reported P-values are two-sided.

Results
Between March and October of 2000, 55 patients with histologically confirmed newly
diagnosed GBM were accrued to this trial at 8 NABTT CNS Consortium institutions.

Mikkelsen et al. Page 3

Invest New Drugs. Author manuscript; available in PMC 2014 March 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Baseline demographic and clinical characteristics of the study patients and the reference
group are reported in Table 1. The reference group consisted of 164 patients enrolled in four
other NABTT trials of therapies concurrent with RT that have been found to be non-
efficacious for patients with newly diagnosed GBM. The trials in the reference group had
very similar eligibility criteria and accrual took place at many of the same sites as the
present study [13,14,15,16].

Fifty-two of the 55 patients accrued to this study have died. The three surviving patients
have been followed for more than 38 months. The 12-month survival rate was 44% (95% CI,
30% to 58%). Median survival was 10.3 months (95% CI, 8.5 to 12.8). In the reference
group, 163 of the 164 patients have died. Follow-up time for the surviving patient is 60
months. The hazard rates for the CAI patients and the reference group are in Table 2.
Median survival for the reference group was 12.1 months (95% CI, 10.3 to 13.3). Kaplan-
Meier survival curves for the CAI patients and the NABTT reference group are depicted in
Figure 1. There was no difference in overall survival for the patients treated with CAI
compared to the reference group (log-rank, P = 0.97; estimated hazard ratio = 0.99).
Adjusting for age, KPS and extent of surgical resection, which are known prognosticators of
survival in this patient population, the hazard ratio for patients in the CAI study compared to
those in NABTT trials of other agents administered concurrently with RT was similar to the
unadjusted risk ratio (estimated hazard ratio = 1.03, P = 0.87)

CAI was generally well tolerated. Patients were treated for a median time of 2 months (23
days to 46 months). The percent of patients experiencing toxicities are listed in Table 3.
Twenty-nine percent of patients (16/55) experienced grade 3 or greater toxicity considered
to be at least possibly related to CAI treatment. There were two instances of transient visual
loss (one near complete), which were reversible upon drug withdrawal. Following re-
introduction of drug one patient had recurrence of visual loss, but it subsequently improved
at reduced dose. Other major toxicities were single instances of febrile neutropenia,
hemorrhage (fatal), hepatotoxicity and hyperuricemia. The most frequent grade 3 or 4
toxicity reported was fatigue.

Plasma samples were obtained from 50 subjects enrolled in this study. The CAI plasma
concentration from EIAED+ patients was 1.35 ± 1.22 (mean ± standard deviation) compared
with 4.06 ± 1.50 (p<0.001) for EIAED− patients. Because the plasma concentrations
differed, we compared survival by EIAED status. Three of the 44 patients taking EIAED are
alive while none of the 11 patients not taking EIAED have survived. The median survival
for the EIAED+ group was 11.3 (95% CI, 7.4 to 13.0) months, and was not statistically
different than the EIAED− group median survival of 10.2 (95% CI, 6.1 to 16.6) months
(Figure 2; log-rank, P = 0.62).

Discussion
Although agents of this category are purported to synergize with therapeutic radiation in
vitro and in vivo animal models, the median survival of the 55 patients with newly
diagnosed GBM in this trial was not improved by administering CAI during and following
radiation therapy. The reasons for this remain unclear. It is likely that the drug reached the
therapeutic target as the tumor vasculature is not hidden behind the blood brain barrier.
Another possibility is that an insufficient dose was given as we observed few dose limiting
toxicities in this study. Methods for the optimization of anti-angiogenic dosing have not
been well established, especially when toxicities may not be dose-related and, therefore,
somewhat unpredictable. Unfortunately, no surrogate endpoints have yet to be described that
adequately correlate with response or survival from these novel agents. It is also possible
that CAI is inactive against this particular tumor histology.
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This study is the first to document that CAI is subject to Cyp3a induction by
anticonvulsants. Similar findings have been described with many other cytotoxic and non-
cytotoxic agents in this patient population where potent hepatic enzyme inducing
anticonvulsants are frequently co-administered to patients. Examples include 9-
aminocamptothecin [17], phenylbutyrate [18], and other signal transduction agents,
including Gefitinib ([19]. This finding re-emphasizes the importance of assessing the
pharmacology of novel agents in patients taking p450 inducers to ensure that therapeutic
levels are achieved prior to initiating efficacy trials.

In summary, this study design permitted evaluation of an innovative therapeutic agent in a
population of treatment-naïve patients with GBM. In comparison with a control population
aggregated from other studies of similar design, no significant efficacy was found. In
addition, patients on EIAED were found to have lower serum steady-state levels of CAI
compared to patients not taking EIAED. Finally, efficacy was not observed in patients
achieving serum CAI concentrations comparable to that seen in patients treated with other
malignancies. These data suggest that this agent should not be pursued further in patients
with GBM.
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Figure 1.
Kaplan-Meier survival curves for the 55 patients in the CAI study (solid line) and the 164
patients in the NABTT reference group (broken line). The curve for the reference group is
truncated at 48 months, though 3 patients had longer survival.
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Figure 2.
Kaplan-Meier survival curves for the patients in this study stratified by use of enzyme
inducing anti-convulsants (EIAED+, n=44, solid line; EIAED−, n=11, broken line).
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Table 1

Baseline Demographic and Clinical Characteristics

Characteristic CAI (n=55) NABTT Reference (n=164)

Sex, % male 60 68

Race, % white 95 96

Median age (range), years 59.0 (31.0 – 79.4) 54.9 (28.4 – 78.8)

Median Karnofsky performance status (range) 90 (60–100) 90 (60–100)

Surgery type, % resection 87 82
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Table III

Common (> 1 occurrence) treatment-related toxicity ≥ grade 3

Adverse Event N (%)

Dyspnea 2 (4)

Fatigue 5 (9)

Anemia 2 (4)

Reversible Vision Loss 2 (4)
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