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Background. Chemoradiation, followed by adjuvant temozolomide, is the standard treatment for newly diagnosed glioblastoma.
Adding other active agents may enhance treatment efficacy.

Methods. The primary objective of this factorial phase II study was to determine if one of 3 potential chemotherapy agents added
to dose-dense temozolomide (ddTMZ) improves progression-free survival (PFS) for patients with newly diagnosed glioblastoma. A
prior phase I trial established the safety of combining ddTMZ with isotretinoin, celecoxib, and/or thalidomide. Adults with good
performance status and no evidence of progression post chemoradiation were randomized into 8 arms: ddTMZ alone (7 days on/7
days off) or doublet, triplet, and quadruplet combinations with isotretinoin, celecoxib, and thalidomide.

Results. The study enrolled 155 participants with a median age of 53 years (range, 18-84 y). None of the agents demonstrated
improved PFS when compared with arms not containing that specific agent. There was no difference in PFS for triplet compared
with doublet regimens, although a trend for improved overall survival (OS) was seen (20.1 vs 17.0 months, P¼ .15). Compared with
ddTMZ, the ddTMZ + isotretinoin doublet had worse PFS (10.5 vs 6.5 months, P¼ .043) and OS (21.2 vs 11.7 months, P¼ .037).
Trends were also seen for worse outcomes with isotretinoin-containing regimens, but there was no impact with celecoxib or tha-
lidomide combinations. Treatment was well tolerated with expected high rates of lymphopenia.

Conclusions. The results do not establish a benefit for these combinations but indicate that adding isotretinoin to ddTMZ may be
detrimental. This study demonstrated the feasibility and utility of the factorial design in efficiently testing drug combinations in
newly diagnosed glioblastoma.
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Despite optimal therapy with radiation and concurrent and ad-
juvant temozolomide (TMZ),1 survival is poor for most patients
with glioblastoma (GBM), and effective second-line therapies
are scarce.2,3 Even in the context of clinical trials, 3-year survival
is only 16%, and 5-year survival is 10%.4 There is an urgent
need for more effective first-line therapies. The implementation
of novel clinical trial designs is an important step for increasing
efficiency when testing new treatments.

Molecular studies have uncovered many potential targets
for treatment of malignant gliomas.5 However, despite promis-
ing preclinical testing, the results of trials evaluating single-
agent targeted therapies have been generally disappointing
and have shown very low response rates and no improvement
in progression-free survival (PFS) or overall survival (OS).6,7 Com-
binatorial strategies targeting more than one critical pathway
have been developed with the goal of overcoming resistance
to single agents.8 – 10 However, the increasing number of prom-
ising treatments exponentially increases the potential combi-
nations to be tested. Novel clinical trial designs are needed to
test combinations of targeted agents more efficiently.

One of the novel designs that can address this challenge is the
factorial design,11 which can be planned as a randomized, mul-
tiple arm study involving different combinations of the agents to
be tested. For instance, a 2×2×2 factorial design can accom-
modate 3 investigational agents to be tested with a standard cy-
totoxic agent. The cytotoxic agent can be tested alone,
combined with each of the 3 agents (doublets), added to each
of 3 pairs of agents (triplets), and, finally, given together with
all 3 (quadruplet combination), for a total of 8 treatment arms.

There has been interest in examining the utility of combining
TMZ with various cytostatic agents that have non-overlapping
toxicity profiles and overall better tolerance than cytotoxic
drugs. Several combinations of TMZ and cytostatics have
been evaluated in recurrent malignant gliomas with promising
preliminary results. Reported 6-month PFS rates were 24% for
TMZ plus thalidomide, a putative antiangiogenic agent, and
35% for TMZ plus isotretinoin, a differentiation- and
growth-inhibitory agent.12 – 16 COX-2 enzyme is upregulated in
high-grade gliomas, and high expression in tumor cells is a
strong predictor of poor survival.17 Preclinical studies have
shown that celecoxib exerts both cytostatic and potentially cy-
totoxic effects in vitro,18 and a study using a C6 rat glioma
orthotopic model suggested synergy between TMZ and cele-
coxib.19 At the time our trial was designed, dose-dense

temozolomide (ddTMZ) at 150 mg/m2/day, week-on/week-off,
was felt to be a promising schema due to rapid, marked, and
sustained inactivation of MGMT and preliminary evidence of ac-
tivity in recurrent malignant gliomas.20,21

The results of the phase I component of the study evaluat-
ing the different combinations of ddTMZ with isotretinoin, cele-
coxib, and thalidomide have been previously published.22

Overall, all combinations were well tolerated. Herein we present
the results of the first phase II factorial randomized trial in par-
ticipants with newly diagnosed GBM. This study was designed
to evaluate efficacy measured by PFS and gauge the feasibility
of the factorial design.

Patients and Methods

Patients

Eligibility criteria included confirmed histological diagnosis of
supratentorial GBM in adults (aged ≥18 years), a KPS ≥ 60%,
any extent of resection, and successful completion of standard
chemoradiation without tumor progression. Pseudoprogression
(PsP) was allowed and was defined as image-worsening (in-
creased enhancement and/or edema within the radiation
field) in the first scan after chemoradiation without clinical pro-
gression. Adequate hematological, renal, and hepatic function
was required (absolute neutrophil count ≥1500/mm3, platelet
count ≥100,000/mm3, serum glutamic pyruvic transaminase
and alkaline phosphatase ,2 times the upper limit of institu-
tional normal [ULN], bilirubin ,1.5 times ULN), blood urea nitro-
gen and creatinine ,1.5 times ULN). Patients with a history of
any other cancer (except nonmelanoma skin cancer or carcino-
ma in situ of the cervix) were not eligible unless in complete re-
mission and off all therapy for ≥3 years. Patients with serious
intercurrent medical illness, peptic ulcer disease, or active/re-
cent GI bleeding (eg, ≤3 months), and history of allergic reac-
tions to sulfa drugs and nonsteroidal anti-inflammatory drugs
were excluded. All patients enrolled to thalidomide arms were
registered in the S.T.E.P.Sw program. All patients enrolled to iso-
tretinoin arms were enrolled in the iPLEDGETM program, starting
in March 2006 as mandated by the FDA. Patients of childbear-
ing potential were required to use adequate contraception. All
patients provided informed consent, indicating that they were
aware of the investigational nature of this study. The protocol
was approved by the MD Anderson Cancer Center Institutional
Review Board.

Participants were accrued at MD Anderson Cancer Center
and 11 other institutions from the Brain Tumor Trials Collabora-
tive group and MD Anderson Community Clinical Oncology Pro-
gram (Supplementary Data S1).

Study Design

This study had 8 treatment arms (Fig. 1). Arm 1 consisted of
single-agent, ddTMZ, arms 2, 3, and 4 (“doublet therapy”) com-
bined ddTMZ with 1 agent (isotretinoin, celecoxib, or thalido-
mide), arms 5, 6, and 7 (“triplet therapy”) combined ddTMZ
with 2 agents, and arm 8 combined ddTMZ with all 3 agents
(“quadruplet therapy”). Patients with suspected tumor progres-
sion after chemoradiation (imaging worsening accompanied by
clinical progression, or new lesions outside of the radiationFig. 1. Study design.
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field), prior to initiating study treatment, were removed from
the study before randomization and replaced. Patients with
suspected PsP (defined as above) were allowed to participate.

All participants who received any study-related treatment
were considered evaluable for efficacy and toxicity in an
intent-to-treat analysis. Participants lost to follow-up were cen-
sored at their last clinic visit. PFS was calculated from date of
randomization (ie, post chemoradiation) to the date of progres-
sion or death, whichever occurred first, or from the date of ran-
domization to the date of last clinic visit for participants who
were alive and without progression. OS was a secondary effica-
cy endpoint and was measured from date of randomization.

Treatment Plan

After maximal safe surgical resection, all participants were re-
quired to have undergone external beam radiation therapy over
a period of 6 weeks to a total dose of 60 Gy (2-Gy fractions) and
concurrent daily TMZ (75 mg/m2/day). No other chemotherapy
was allowed during radiation. Four weeks after chemoradiation,
a gadolinium-diethylenetriamine penta-acetic acid (GD-DPTA)
MRI of the brain was performed. If there was no evidence of
progression, participants were randomized to one of the 8
arms of adjuvant chemotherapy (ddTMZ alone [150 mg/m2/
day, week-on/week-off] or with isotretinoin, celecoxib, and/or
thalidomide ) following the combinations outlined in Fig. 1. Par-
ticipants were registered and randomized within 5 weeks of the
last dose of radiotherapy.

Participants were treated for a maximum of 12 cycles as
long as progressive disease did not occur and side effects
were tolerable; each cycle was defined as 28 days. The thalid-
omide dose was 400 mg orally daily (starting at 200 mg daily
and escalating weekly by 100 mg); the isotretinoin dose was
40 mg/m2 orally twice daily, days 1-21; and the celecoxib
dose was 400 mg orally twice daily.

Participants on thalidomide received 1 mg of warfarin daily.
Those receiving celecoxib were not allowed to take other non-
steroidal anti-inflammatory drugs. Dose modifications were
performed when grade 3 –4 toxicities developed. Based on
the toxicity, the dose of the most likely offending agent was
lowered. Participants with evidence of progression were taken
off the study and treated at the discretion of the attending
physician.

Evaluations During Study

Complete blood count with differential was performed prior to
randomization and every 2 weeks during treatment. Electrolyte
levels, hepatic and renal function, and anticonvulsant levels
(where appropriate) were performed within 14 days prior to
randomization and before each cycle. For participants receiving
celecoxib, stools were evaluated for occult blood and creatinine
clearance before treatment and every 2 cycles thereafter. For
participants receiving isotretinoin, serum cholesterol and tri-
glycerides were assessed before treatment and every 2 cycles.
Among participants receiving thalidomide, prothrombin time
and international normalized ratio were determined prior to
the initiation of treatment and before each cycle. Toxicity was
assessed at every clinic visit and initially graded according to
the National Cancer Institute’s Common Toxicity Criteria (CTC)

version 3.0; version 4.0 was used after September 2010. Evalu-
ation of treatment response was performed every 2 cycles by
serial brain-imaging studies, most commonly with GD-DPTA
MRI. Radiological response and progression were evaluated
using Macdonald criteria.23

Statistical Methods

The accrual goal was 20 participants per arm (160 in total). To
ensure adequate accrual of evaluable patients, the total accru-
al was increased by 10%. Participants were randomly assigned
to arms 1 to 8 at the time of completion of chemoradiation,
with equal probability. All participants received ddTMZ; half of
the arms received thalidomide (n¼ 80; arms 2, 5, 6, and 8),
half received isotretinoin (n¼ 80; arms 3, 5, 7, and 8), and
half received celecoxib (n¼ 80; arms 4, 6, 7 and 8).

The primary objective was to compare the efficacy of adding
one of 3 agents (isotretinoin, celecoxib, thalidomide) to adju-
vant ddTMZ, measured by PFS from the time of randomization
(post chemoradiation). Secondary objectives included compar-
isons between doublet versus triplet therapy and between indi-
vidual arms, as well as OS analysis and feasibility of conducting
a randomized phase II trial with factorial design in newly diag-
nosed GBM participants in a cooperative group trial.

Median PFS and OS were estimated using the Kaplan-Meier
method from time of randomization to time of progression,
death, or last follow-up. Toxicity and survival analyses included
all participants enrolled in the study. There was no stratification
due to the small number of participants in each arm. A Cox pro-
portional hazard model was performed to account for imbal-
ances regarding age, performance status (KPS), and extent of
resection among treatment arms. KPS and age were included
as continuous variables in the Cox model. Extent of resection
was modeled as gross total resection versus other. Violations
of the proportional hazards assumption were assessed using
rescaled Schoenfeld residuals. Analyses were performed using
S+ 8.2 for Windows (TIBCO Software).

Power calculations were based on accrual rate of 10 per
month, a 3-month postaccrual follow-up, and 20 participants
per arm. This would provide �80% power for the agent versus
no agent comparisons to detect a change in median PFS from 3
months to 5 months (ie, a hazard ratio of 0.6) for a 2-sided 5%
alpha rate. The primary comparisons specified in the protocol
were the 3 main effects (isotretinoin vs not isotretinoin, cele-
coxib vs not celecoxib, and thalidomide vs not thalidomide).
No adjustment was made to the type I error rate for testing
3 hypotheses. We performed computer simulations based on
the exponential distribution to assess the power of various
comparisons in a 2×2×2 factorial design with a time-to-event
endpoint. Our power to detect synergy between 2 agents varied
considerably, depending not only on the magnitude of the syn-
ergy but also on the remaining separate and joint effects of the
3 treatments.

Results

Participants

This phase I/II study was open from September 2005 to Sep-
tember 2010. Overall phase II accrual was 178 patients, of
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which 155 were randomized and treated (see Supplementary
Data, Fig. S5, CONSORT Diagram). Twenty-three patients were
randomized but not treated either because of consent with-
drawal or difficulties obtaining insurance coverage. A total of
146 patients were accrued at MD Anderson Cancer Center in
Houston and 32 at the remaining participating sites. The pa-
tients accrued at other sites were evenly distributed among
the 8 treatment arms, with 2–4 participants per arm except
for ddTMZ + isotretinoin (5 participants) and ddTMZ + thalido-
mide (7 participants).

Patient characteristics are summarized in Table 1 and
Table S3. Median age was 53 years (range, 18–84 y); median
KPS was 90% (range, 60%-100%). Arms were well balanced
for age except for an excess of participants older than aged
60 years in the arms combining ddTMZ + thalidomide and
ddTMZ + thalidomide/isotretinoin. Gross total resection was
achieved in 99 participants, 53 underwent subtotal resection,
and 21 biopsy only; the extent of resection was unknown in
3. Median time from diagnosis to study registration (ie, post
chemoradiation) was similar in all arms (3.0 to 3.4 months).
The highest drop-out rate was in arm 8 (quadruplet combina-
tion), where 7 patients withdrew consent or insurance denied
coverage for one or more of the agents.

Efficacy

For the phase II component of the study, the overall median
PFS for all arms combined was 11.6 months, and the overall
6-month PFS rate was 73%.

Primary Endpoint (Agent vs No Agent Analysis)

There were �80 participants who received each of the 3 cyto-
statics and 80 participants who did not receive that specific
agent. None of the agents demonstrated particular benefit re-
garding PFS when compared with others (Fig. 2). The arms con-
taining isotretinoin demonstrated worse PFS than the arms not
containing this agent, although the difference did not reach
statistical significance (median PFS, 6.6 months vs 9.1 months;
HR, 1.3; 95% CI, 0.9–1.8; P¼ .18). The arms containing cele-
coxib showed a median PFS of 8.3 months compared with 7.4
months for arms not containing celecoxib (HR, 0.8; 95% CI,
0.6–1.2; P¼ .32). The arms containing thalidomide showed a
median PFS of 7.6 months compared with 8.7 months for
arms without this agent (HR, 1.2; 95% CI, 0.8–1.7; P¼ .33).
Three-way interaction between isotretinoin, celecoxib, and tha-
lidomide was not significant (P¼ .15 for PFS). The three 2-way

Table 1. Patient characteristics

Total

Total enrolled 178
Total treated 155
Age

10 to 19 years 1
20 to 39 years 27
40 to 59 years 103
≥ 60 years 47

Sex
Female 55

Male 123
Race/ethnicity

White 160
Non-white 16
Unknown 2

KPS
60%–70% 16
80%–100% 144
Unknown 18

Extent of Resection
Gross total 99
Subtotal 53
Biopsy 21
Unknown 3

Fig. 2. Progression-free survival (PFS) by agent versus no agent analysis.
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interactions were not significant (P¼ .97 for isotretinoin vs cel-
ecoxib; (P¼ .37 for isotretinoin vs thalidomide; P¼ .54 for cele-
coxib vs thalidomide). Thus, the 3 main effects (comparisons of
isotretinoin vs not isotretinoin, celecoxib vs not celecoxib, and
thalidomide vs not thalidomide) are valid.

Secondary Endpoints

Doublet Versus Triplet Therapy Analysis. There were �60 par-
ticipants who received doublet therapy (ddTMZ + 1 cytostatic)
and 60 participants who received triplet therapy (ddTMZ + 2 cy-
tostatics). There were no statistically significant differences in
PFS between these 2 groups, with a median PFS of 8.3 months
for doublet and 8.2 months for triplet therapy (HR, 0.9; 95% CI,
0.6–1.3; P¼ .45) (Fig. 3).

Individual Treatment Arms. Data on PFS according to treat-
ment regimen is summarized in Fig. 4 and Table 2. Combination
of ddTMZ + isotretinoin was inferior to ddTMZ alone (6.5
months vs 10.5 months; HR, 2.0; 95% CI, 1.0–4.0; P¼ .043).
Differences in PFS in the remaining arms did not reach statisti-
cal significance and ranged from 6.2 months (ddTMZ + isotret-
inoin/thalidomide) to 13.4 months (ddTMZ + celecoxib)
(Table 2). Cox analysis with age and KPS treated as continuous
covariates confirmed similar results (data not shown). A
30-unit increase in KPS was a highly significant factor for PFS
(HR, 0.2; 95% CI, 0.1–0.5; P , .0001), whereas age (50-year in-
crease) and extent of resection (gross total resection vs other)
were not significant (HR, 2.0; 95% CI, 0.8–4.6; P¼ .11 and HR,
0.8; 95% CI, 0.5–1.2; P¼ .27, respectively).

Overall Survival Analysis. On agent versus no agent analysis,
the arms containing isotretinoin trended below the non-
isotretinoin arms, but the difference was not statistically signif-
icant (median OS, 17.1 months vs 19.9 months; HR, 1.2; 95%
CI, 0.8–1.8; P¼ .26). The arm combining ddTMZ + isotretinoin
showed worse OS compared with ddTMZ alone (11.7 months
vs 21.2 months; HR, 2.2; 95% CI, 1.1–4.6; P¼ .037). When com-
paring doublet versus triplet therapy, no significant differences
were seen in OS (17.0 months vs 20.1 months; HR, 0.7; 95% CI,
0.5–1.1; P¼ .15) (Supplementary Data; Figs. S6, S7 and S8). Cox
analysis adjusted for covariates (age, KPS, extent of resection)
confirmed similar results (data not shown). Older age was a sig-
nificant factor determining OS (HR, 3.2; 95% CI, 1.2–8.0; P¼
.015).

Efficacy Analysis of Pooled Data (Phase I and Phase II Partic-
ipants). All participants in the Phase I component were treated
at the target dose and de-escalated if dose-limiting toxicity oc-
curred. Since no participants were treated at doses considered
to be subtherapeutic, additional efficacy analysis was per-
formed by pooling the data from both components of the
study. A total of 196 participants were available for analysis.
Again, the ddTMZ + isotretinoin doublet arm performed worse
in regard to both PFS and OS (median PFS, 7 months; HR, 1.9;
95% CI, 1.1 –3.4; P¼ .029 and median OS, 12 months; HR,
2.2; 95% CI, 1.2–4.1; P¼ .011). Cox analysis adjusted for age
and KPS confirmed similar results (HR for OS, 2.0; 95% CI,
1.1–3.8; P¼ .027; HR for PFS, 1.8; 95% CI, 1.0–3.2; P¼ .055).
PFS in the remaining arms ranged from 7 to 13 months, and
OS ranged from 17 to 23 months. None of these differences
reached statistical significance. Agent versus no agent and
doublet therapy versus triplet therapy analysis did not demon-
strate any statistically significant differences (Supplementary
Data, Tables S4 and S5).

Toxicity

Overall, treatment in all arms was well tolerated. A total of 4
grade 5 adverse events occurred during the study. One was
felt to be probably related to ddTMZ + isotretinoin/celecoxib
(pneumonia), and one was possibly related to ddTMZ +

Fig. 4. Progression-free survival (PFS) according to treatment regimen
(individual arms).

Fig. 3. Progression-free Survival (PFS) according to the number of
agents (doublet versus triplet therapy).
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thalidomide/isotretinoin (bilateral pulmonary embolism). Grade
3-4 toxicities felt to be related to each treatment arm (definite,
probable, and possible) are summarized in Table S6 (Supple-
mentary Data). Among the grade 4 adverse events, 2 were def-
initely related to ddTMZ + isotretinoin (leukopenia,
neutropenia), one was definitely related to ddTMZ + thalido-
mide/isotretinoin/celecoxib (erythema multiforme), and one
was definitely related to ddTMZ + celecoxib (thrombocytope-
nia). Among the grade 3 toxicities, 6 were definitely related to
ddTMZ + celecoxib (2 thrombocytopenia, 2 leukopenia, 2 rash),
one was definitely related to ddTMZ + isotretinoin (leukopenia),
and 3 were definitely related to ddTMZ + thalidomide/isotreti-
noin (pruritus, rash, somnolence). No treatment-related deaths
were specified in the data.

The highest rate of lymphopenia was seen in the arm con-
taining ddTMZ alone. Leukopenia was more frequently seen in
the arm combining ddTMZ + thalidomide/celecoxib. Regarding
nonhematological toxicities, the thalidomide arms showed a
slight increase in the incidence of thromboembolic events.

Discussion
Novel clinical trial designs are critical for testing combinations
of targeted agents more efficiently in patients with malignant
gliomas. We present the results of the first phase II randomized
trial following a factorial design in patients with newly diag-
nosed GBM, proving the feasibility of this novel biostatistical
tool in this disease and paving the way for similar trials in the
future.

At the time our study was designed, the use of alternative
dosing schemas of temozolomide in malignant gliomas was
an area of active research, and a dose-dense schema
(ddTMZ) was chosen as the backbone of this adjuvant factorial
trial. However, despite the modest activity demonstrated in re-
current gliomas,21,24 – 26 dose intensification did not translate
into improvement of overall survival when tested as first-line
therapy. The RTOG 0525 study was a prospective randomized
phase III trial comparing standard-dose TMZ (150–200 mg/
m2 for 5 days every 28 days) to ddTMZ (75 mg/m2 for 21
days every 28 days) in participants with newly diagnosed
GBM.27 The results of RTOG 0525 were reported after this facto-
rial trial completed accrual and showed that participants

received no additional benefit from ddTMZ as compared with
standard-dose TMZ.

Our study did not demonstrate clear benefit from the addi-
tion of isotretinoin, celecoxib or thalidomide when combined
with adjuvant ddTMZ. In addition, there was no benefit associ-
ated with triplet or quadruplet combinations compared with
doublet combinations. Treatment was well tolerated, although
there was an unexpectedly high rate of lymphopenia in the
ddTMZ alone arm. Intriguingly, the study also suggested a neg-
ative impact of adding isotretinoin for adjuvant treatment of
GBM. This finding is consistent with a recent phase II study
that evaluated the addition of isotretinoin to standard chemo-
radiation.28 However, earlier studies suggested potential thera-
peutic benefit for isotretinoin when used alone or added
sequentially to TMZ.14,16,29 Overall, these data suggest the pos-
sibility of a negative interaction between cytotoxic therapy and
the cytostatic effect of isotretinoin that may reflect the overlap
of week on/week off dosing of TMZ with the typical isotretinoin
21-day cycle. The interpretation of this result in our trial is also
limited by the nature of the factorial design (not powered for
comparison arm to arm) and the lack of molecular data such
as MGMT promoter methylation or IDH mutation status in the
different treatment arms, which may have resulted in an imbal-
ance of these known prognostic factors working against the
isotretinoin-containing arms. As a consequence, caution is war-
ranted in interpreting these data.

Since the introduction of chemoradiation as standard ther-
apy for GBM, there has been increased awareness of the occur-
rence of PsP. However, precise identification of PsP is
challenging and is often only possible in retrospect. In addition,
the time of occurrence and its impact on the clinical outcome
remain poorly defined. In our trial, a potentially incorrect diag-
nosis of PsP may have impacted the results in several ways.
First, it is possible that some of the participants with image
worsening classified as having PsP and randomized to receive
adjuvant therapy had, in fact, true tumor progression. Theoret-
ically, the unbalanced inclusion of participants with true tumor
progression in isotretinoin-containing treatment arms may
have contributed to worse PFS and OS. However, the exclusion
of participants with symptomatic worsening and new lesions
outside of the radiation field likely minimized the risk of inclu-
sion of participants with true progression in all arms. Second,
the unbalanced inclusion of participants with true PsP in certain

Table 2. Progression-free survival (PFS)a according to treatment regimen (individual arms)

Regimen No. Median PFS (months) HR (95% CI) P Value

TMZ 22 10.5 1 –
TMZ + CRA 21 6.5 2.0 (1.0–4.0) .043
TMZ + Cel 21 13.4 1.0 (0.5–2.1) .97
TMZ + Thal 18 7.7 1.6 (0.8–3.3) .21
TMZ + CRA +Cel 21 11.6 1.1 (0.5–2.2) .80
TMZ + CRA +Thal 17 6.2 1.4 (0.6–3.1) .39
TMZ + Cel + Thal 20 7.9 1.2 (0.6–2.5) .54
TMZ + CRA +Cel + Thal 15 5.8 1.7 (0.8–3.7) .16

Abbreviations: Cel, celecoxib; CRA, isotretinoin; Thal, thalidomide; TMZ, temozolomide.
aPFS was calculated from date of randomization (postchemoradiation) to the date of progression or death.
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arms may have contributed to better outcome, as suggested in
the literature.30 However, the role of PsP as a prognostic indica-
tor still remains under debate.31 Finally, late development of
PsP (after the first post-chemoradiation scan but still within
the first few months after chemoradiation) may have led to
declaration of progressive disease and discontinuation of ther-
apy, thereby confounding the determination of PFS but not the
determination of OS.

A factorial design provides certain advantages over conven-
tional phase II studies, but there are shortcomings that limit in-
terpretation of results. Whereas multiple combinations of
agents can be tested with fewer participants per arm than a
traditional phase II trial, arm-to-arm comparison is limited by
low statistical power. In contrast, the contribution of each
agent can be analyzed by comparing the results in the arms
containing this specific agent versus the treatment arms that
do not. Furthermore, the impact of multiagent treatment can
be determined by comparing doublet with triplet regimens.

The limitations of the factorial design also include possible
therapeutic and statistical interactions. Therapeutic interac-
tions between the agents need to be recognized and incorpo-
rated into the statistical modeling. These include
pharmacokinetic or pharmacodynamic interactions that may
alter the efficacy of each individual agent. Statistical interac-
tions typically refer to the incongruity between absolute versus
relative changes in treatment efficacy.32,33

Despite failure to demonstrate superiority of isotretinoin,
celecoxib, or thalidomide over ddTMZ alone, our study confirms
the feasibility of using the factorial design for future trials to ex-
plore different drug combinations targeting multiple signaling
pathways in malignant gliomas. Furthermore, the implementa-
tion of novel and complex trial designs is feasible in a cooper-
ative group setting. In view of the infrequent rate or
“actionable” molecular and genetic alterations in malignant
gliomas, collaborative efforts are critical for testing new molec-
ularly driven hypotheses. The implementation of further trials
with factorial design in neuro-oncology remains to be explored.
Potential future directions include the development of trials tar-
geting several critical and complementary pathways with se-
lection of participants with actionable molecular and genetic
alterations of those pathways.

Supplementary Material
Supplementary material is available at Neuro-Oncology Journal
online (http://neuro-oncology.oxfordjournals.org/).
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