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Background. This study was initiated to test the feasibility and toxicity of a regimen that alternates the administration of weekly
carboplatin and vincristine with temozolomide in the management of children with progressive and/or symptomatic low-grade
glioma.

Methods. Eligible children received a 10-week induction regimen followed by six 10-week cycles of maintenance chemotherapy.
Feasibility was evaluated with short-term and long-term endpoints. Short-term feasibility was evaluated by the ability to com-
plete induction and 1 maintenance cycle in 24 weeks without >25% reduction in either carboplatin or temozolomide. Long-term
feasibility was evaluated by the ability to administer induction and 4 maintenance cycles within 60 weeks without >25% reduc-
tion in either carboplatin or temozolomide. Efficacy was assessed by response to initial chemotherapy and 5-year event-free
survival. Initial pathology was reviewed centrally.

Results. Sixty-six patients were enrolled on the study. It was feasible to deliver the regimen, and toxicity was acceptable. The only
significant toxicities were hematologic. Both the short-term and long-term feasibility endpoints were met. The short-term feasi-
bility success rate was 87% (95% CI: 77%-96%) and the long-term feasibility success rate was 79% (95% CI: 68%-90%). The
5-year event-free survival was 46% (95% CI: 33%-58%) and the 5-year survival was 87% (95% CI: 75%-93%).

Conclusion. It was feasible to deliver the combination of weekly carboplatin and vincristine alternating with temozolomide to
children with progressive/symptomatic low-grade glioma with acceptable toxicities. This combination appears to be effective
in delaying progression. Further trials are needed to establish the relative efficacy of this regimen compared with other regimens
in use.
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The long-term event-free survival (EFS) in children with low-
grade glioma (LGG) of the central nervous system is excellent
when these tumors are located in the cerebral or cerebellar
hemispheres and are therefore amenable to complete or al-
most complete resection.’? When these tumors arise from
central locations like the optic chiasm/hypothalamus and the
thalamus, where resections are not feasible without significant
morbidity, progression-free survival (PFS) has varied from 40%

for hypothalamic tumors and 55% for thalamic tumors at 4
years in one study to 52% at 3 years for optic pathway glioma
in another.”'! Additional challenges include young age at
diagnosis and a large tumor relative to the size of the brain.
This generally precludes the immediate use of radiation thera-
py, which is considered definitive in progressive LGG. Fortun-
ately several chemotherapy regimens with activity against
these LGGs have been identified and included in the initial
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management to delay progression.®~'* The most commonly
used regimen, which consists of carboplatin and vincristine, is
generally prescribed for 18 months and is associated with a
systemic hypersensitivity rate to carboplatin as high as 42%,
resulting often in cessation of therapy.'®~ '8 This regimen also
requires frequent weekly visits to a medical facility for intrave-
nous medications. Recent reports described the use of oral
temozolomide (TMZ) in the treatment of progressive/sympto-
matic LGG.">'* We initiated a pilot trial to test the feasibility
and assess the toxicities of a regimen consisting of alternating
courses of carboplatin/vincristine with monthly TMZ. If feasible,
with acceptable toxicity, this regimen could be tested for effica-
cy in a larger prospective study. If effective, it could significantly
decrease the frequency of visits to the hospital.

Patients and Methods

Eligibility

Children 10 years of age or younger with biopsy-proven LGGs
involving brain or spinal cord that could not be resected due
to tumor location and showed progression or caused symp-
toms at diagnosis were eligible for the study. Eligible patients
should not have received any prior therapy except surgery at
the time of enrollment on the study. Biopsy was not required
when tumor was confined to the optic pathway (optic nerve
and/or chiasm). Therapy was to be initiated within 28 days of
biopsy, and a baseline MRI of the brain was performed within
30 days prior to the initiation of chemotherapy. Patients who
were observed after initial biopsy and were later found to
have progression and/or symptoms did not require repeat biop-
sy, but an MRI of the brain was to be done before enrollment to
the study. Patients with metastatic disease were eligible for the
study. Eligible histologies included grades I and II glioma. Neu-
rofibromatosis type 1 patients were excluded from the study, as
were patients with diffuse brainstem glioma. Patients with dor-
sally exophytic glioma who had >50% resection of the tumor
excised were eligible only if there was progression of residual
tumor. Pathology was centrally reviewed (A.A.) in patients
who had a tissue biopsy, but confirmation by a central review
was not required prior to enrollment.

Treatment

The treatment plan consisted of cycles of carboplatin/vincris-
tine and TMZ given over a period of 70 weeks (see Table 1).

Table 1. Treatment regimen

After one cycle of induction with carboplatin/vincristine and
TMZ (10 wk duration), response was assessed. During induction,
carboplatin was prescribed weekly at a dose of 175 mg/m?
along with vincristine at a dose of 1.5 mg/m? in weeks 0-3 fol-
lowed by vincristine at the same dose in weeks 4 and 5. In week
6, TMZ at a dose of 200 mg/m?/d for 5 days was prescribed. Pa-
tients with stable disease or decreasing tumor size continued
maintenance therapy with cycles of carboplatin/vincristine
and TMZ to complete six 10-week cycles in the absence of pro-
gression (Table 1). The imaging studies prior to enrollment were
repeated at the end of 10 weeks of therapy in order to assess
response to initial treatment.

Each maintenance cycle consisted of carboplatin prescribed
at weekly doses of 175 mg/m? for 4 weeks (wk 0-3). Vincristine
was given weekly for 3 doses of 1.5 mg/m? (maximal dose
2.0 mq) starting with the first dose of carboplatin. At week 6,
TMZ was given at a dose of 200 mg/m?/d for 5 days. Every
cycle of carboplatin or TMZ was scheduled to begin when the
absolute neutrophil count was >1000/u.L and platelet count
>100 000/pL. If either the absolute neutrophil or platelet
count was lower than the above parameters, chemotherapy
was held and counts were repeated to determine whether
the above-cited levels were obtained. If there was a >2-week
delay in the resumption of either carboplatin or TMZ, the dose
of the drug in the previous course was reduced by 25%. The
weekly doses of carboplatin were not reduced once the cycle
was started. We allowed decreasing the doses of both carbo-
platin and TMZ by 25% if necessary based on the above guide-
lines. However, 25% was the maximum reduction allowed for
both carboplatin and TMZ.

If serum creatinine was greater than the upper limit of nor-
mal for age, creatinine clearance or glomerular filtration rate
was obtained. If creatinine clearance was <75% of normal
for age, then the carboplatin dose was held and creatinine
clearance was assessed weekly until this level was reached.
The dose was then reduced by 25%. If grades 3-4 hepato-
toxicity developed, chemotherapy was held until toxicity
decreased to grade 2. If the etiology of the toxicity was unex-
plained, then the dose of vincristine and carboplatin or TMZ
(dependent on which was considered as the causative agent)
was reduced by 25%. For grades 3-4 peripheral neuropathy,
one subsequent dose of vincristine was held and then resumed
at1 mg/m2 (1.5 mg maximum) and then returned to full dose
when symptoms resolved. For jaw pain, treatment with analge-
sics was recommended, but vincristine was not held. Children
with any respiratory compromise did not receive carboplatin

Weeks

0 1 2 3 4 5 6 7 8

Induction cv cv cv cv \ Vv T
Maintenance

v v v C T

Abbreviations: C, carboplatin; V, vincristine; T, temozolomide.
Six 10-week maintenance cycles.
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again and were off protocol therapy. These patients could re-
ceive TMZ off protocol every 28 days. Such patients were con-
tinued on protocol for follow-up.

Tumor response criteria were determined by changes in size
using all 3-dimensional measurements: width (W), transverse
(T), and length (L). Thus for all tumors, these 3 measurements
were recorded, using either T1- or T2-weighted images (which-
ever gave the best estimate of tumor size). The cystic or necrot-
ic components of a tumor were not considered in tumor
measurements. Therefore, only the solid component of cystic/
necrotic tumors was measured. If cysts/necrosis composed the
majority of the lesion, the lesion was not “measurable” by
the above methods. The following options were considered:
if the cyst/necrosis was eccentric, the W, T, and L of the solid
portion were measured, and the cyst/necrosis was excluded
from measurement. If the cyst/necrosis was central but repre-
sented a small portion of the tumor (<25%), it was disregarded
and the whole lesion was measured. If the cyst/necrosis was
central but represented a large portion of the tumor, a solid
aspect of the mass that could be reproducibly measured was
identified. To assess response/progression, the ratio was calcu-
lated as follows: LxW x T (current scan) / LxW x T (reference
scan). Development of new disease or progression in any estab-
lished lesions was considered progressive disease, regardless of
response in other lesions—for instance, when multiple lesions
showed opposite responses, then progressive disease took pre-
cedence. The responses were defined as follows: complete
response (CR ) = disappearance of all target lesions; partial re-
sponse (PR) = 50% or greater decrease; stable disease (SD) =
neither sufficient decrease nor sufficient increase to qualify
for PD; progressive disease (PD)=25% or more increase in
size of the tumor.

Statistical Design and Analysis

The primary goals of this pilot study were to assess the short-
term and long-term feasibility success rates of treatment with
carboplatin, vincristine, and TMZ in children 10 years of age and
younger with progressive or symptomatic LGG. Patients who
terminated therapy due to tumor progression before the short-
term feasibility evaluation endpoint were considered inevalu-
able for the feasibility endpoint but were included in the assess-
ments of treatment efficacy. Short-term feasibility success
occurred when induction and 1 maintenance cycle were com-
pleted within 24 weeks without >25% reduction in either car-
boplatin or TMZ. Long-term feasibility success occurred when
induction and 4 maintenance cycles (ie, to start the fifth main-
tenance cycle) were completed within 60 weeks, using
appropriate protocol-directed dose reductions for toxicity, pro-
vided that there was no more than 25% reduction in either car-
boplatin or TMZ. We calculated the proportion of eligible and
evaluable patients whose treatment course satisfied each of
these feasibility endpoints and used the standard normal ap-
proximation to the binomial distribution to calculate 95% Cls
for the proportions. Treatment efficacy was characterized by re-
sponse to induction therapy, 5-year EFS, and 5-year overall sur-
vival (OS). For EFS, an event was defined as the first occurrence
of radiologically confirmed tumor recurrence or progression, a
second malignancy, or death from any cause, and for OS an
event was death from any cause. EFS and OS as a function of

time since study enrollment were estimated using the Kaplan-
Meier method where event time was defined as the time from
study entry to event. Patients who had not experienced an
event were considered censored at the date of last patient con-
tact. Confidence intervals were calculated using the log-log
transformation of the Kaplan-Meier estimate.’® The relation-
ship of the presence of spinal cord metastases to risk for EFS
event was assessed using proportional hazards regression
where the presence of spinal cord metastases was the only fac-
tor in the model.*®

As the study was designed, assuming a minimum of 50 pa-
tients evaluable for feasibility, the precision of estimates of
treatment feasibility would be +0.04 to +0.06 (standard
error) for feasibility rates between 0.70 and 0.90. Hence, an ob-
served long-term feasibility rate of 0.8 would be consistent with
the view that 69% or more of patients could receive the first 5
cycles of therapy within 60 weeks.

Toxicity was reported according to the National Cancer Insti-
tute Common Toxicity Criteria version 3. To characterize the ad-
verse experience profile of this therapy, any toxicity that
occurred at grade 3 or higher in at least 3% of all chemotherapy
cycles was considered. The incidence of each of these compli-
cations was tabulated separately for induction and mainte-
nance cycles.

Treatment decisions and identification of EFS events were
made by the institutional investigator based on imaging and
tests conducted at the treating site. When possible, however,
images used by institutional investigators to assess protocol-
defined response were submitted to the Quality Assurance Cen-
ter in Rhode Island. There images were made available for re-
view by 2 study committee members (M.C. and M.M.). A central
review assessment of response was obtained for comparison
with the institutional evaluation.

Results

Patients

Between July 2004 and August 2007, 66 patients were enrolled
on the study. Data current to December 2013 were used for this
report. One patient was deemed ineligible because therapy was
not started on time as per protocol. The median age of the 65
eligible patients was 4.6 years (range, 0.4-9.8). Patient charac-
teristics are summarized in Table 2. The majority of the tumors
were located in the chiasmatic/hypothalamic region or optic
nerve (n=22). Ten patients with tumor confined to the optic
pathway had no biopsy. Among the 58 patients who had spinal
MRIs performed at the time of diagnosis, 12 had spinal cord
involvement.

Among the patients who underwent biopsy, pilocytic astro-
cytoma was the most common pathology (n = 41). Pathology
was available for central review in 35 of the 53 patients (66%)
who underwent a surgical procedure. In all of those 35 cases,
both institutional and central reviewers considered the patient
to have LGG.

Toxicity

During induction therapy, grades 3 and 4 hematologic toxicities
were encountered, with 48% of patients developing neutropenia,
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Table 2. Patient characteristics

n %
Sex
Male 36 55.4
Female 29 44.6
Race
White 48 73.8
Black 6 9.2
Chinese 1 1.5
Other 8 12.3
Unknown 2 3.1
Primary site from on-study form
Cerebral hemisphere 3 4.6
Basal ganglia/thalamus 7 10.8
Hypothalamus-optic 15 23.1
Optic nerve 7 10.8
Suprasellar 7 10.8
Midbrain/medulla/dorsal exophytic 9 13.8
Cerebellar hemisphere 3 4.6
Fourth ventricle 6 9.2
Third ventricle 5 7.7
Other 3 4.6
Extent of tumor resection from surgery prior to study entry
Biopsy only (<10%) 20 30.8
Partial resection (10%-49%) 10 15.4
Subtotal resection (50%-95%) 14 21.5
Near total (>95%) 7 10.8
Gross total (no visible tumor at time of surgery) 1 1.5
No surgery (optic pathway tumors) 11 1.5
Not available 18.5
Tumor size at study entry
Optic pathway tumors 11 13.8
<1.5cm? 18 10.8
>1.5 to <3 cm? 11 16.9
>3 cm? 23 35.4
16.9
Not available 2 6
Diagnosis from institutional pathology
Pilocytic astrocytoma 41 63.1
Fibrillary astrocytoma 2 3.1
Protoplasmic astrocytoma 1 1.5
Oligodendroglioma 1 1.5
Mixed glioma 2 3.1
Gangliogliomas 3 4.6
Other (pilomyxoid, low-grade astrocytoma) 4 6.2

9% anemia, 14% thrombocytopenia, and 9% febrile neutrope-
nia without documented infection (see Table 3). Grade 3 or 4
neutropenia was observed in 32% of maintenance cycles;
grade 3 or 4 thrombocytopenia and anemia occurred in 9%
and 3% of maintenance cycles, respectively. There were 4 epi-
sodes of documented infection associated with grades 3-4
neutropenia. Only 7 of 65 patients (11%) on the study went
off protocol therapy due to allergic reaction to carboplatin.
Three of these patients were in maintenance cycle 3, one in

cycle 4, two in cycle 5, and one in cycle 6. There were 5 patients
who could not take oral TMZ at various points in the duration of
treatment. There were 45 patients who had a dose reduction of
carboplatin and 34 who had a dose reduction of TMZ. The me-
dian time to dose reduction for carboplatin from time of enroll-
ment was 3.3 months (range, 2.3-15.7) and for TMZ 7.5
months (range, 2.3-16.3).

Feasibility

Of the 65 eligible patients, 13 were inevaluable for feasibility: 11
patients progressed either during induction (n=9) or the first
cycle of maintenance (n=2); 1 patient was lost to follow-up
and 1 developed meningitis and was taken off protocol therapy.

Short term

Of the 52 evaluable patients, 4 required more than 24 weeks to
complete induction and one maintenance cycle; 2 patients
could not take oral TMZ; and 1 patient had prolonged neutrope-
nia and seizures and did not take any TMZ during induction. The
short-term feasibility success rate was 87% (95% CI: 77%-
96%).

Long term

Of the 52 evaluable patients, 4 required more than 60 weeks to
finish induction and 4 cycles of maintenance; 4 withdrew be-
fore completion of 4 maintenance cycles due to allergic reac-
tion to carboplatin; and 3 patients could not take TMZ and
withdrew from protocol therapy. The long-term feasibility suc-
cess rate was 79% (95% CI: 68%-90%).

Treatment Efficacy

Of the 65 eligible patients, 3 were not evaluated for response
during protocol therapy. An additional 5 patients did not have
scans considered evaluable by the institutional investigator. Re-
sponses according to the treating investigators were: CR=2
patients, PR=15 patients, SD =30 patients, and PD =10
patients.

Figure 1 shows EFS and OS for the eligible patients. Thirty-
nine patients experienced progression. There were 8 deaths.
One patient who died was taken off protocol therapy during in-
duction due to meningitis and died of cardiac arrest 3 years
after enrollment. The 5-year EFS was 46% (95% CI: 33%-
58%) and the 5-year survival was 87% (95% CI: 75%-93%).
Spinal cord involvement was not related significantly to in-
creased risk for EFS event (relative hazard rate for spinal cord
involvement: 1.6; 95% CI: 0.75-3.7).

Discussion

Children with centrally located LGG have an excellent OS but
sustain significant morbidity related to neuroendocrine and vi-
sual functions as a result of the tumor and its progression and
therapeutic interventions. The optimal chemotherapy regimen
in terms of toxicity, ease of administration, duration of treat-
ment, and effectiveness in delaying progression in these
young patients is still elusive. In this pilot study we evaluated
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Table 3. Common toxicity criteria version 3 coded grade 3 or higher adverse experiences that occurred in 3% or more of induction and

maintenance reporting periods

Organ System Toxicity Type

Reporting Period

Induction Maintenance Cycles
N° %P N %
Gastrointestinal Abdominal pain 2 3.1
Ileus 2 31
Vomiting 2 3.1 1 0.4
Metabolism/nutrition Hypokalemia 1 1.6 5 1.8
Hyponatremia 2 3.1 5 1.8
Investigations Lymphocyte count decreased 3 4.7 9 33
Neutrophil count decreased 31 48.4 87 32.0
Platelet count decreased 9 14.1 27 9.9
White blood cell decreased 7 10.9 20 7.4
Blood/lymphatic Anemia 6 9.4 9 33
Febrile neutropenia 6 9.4 6 2.2
Infections/infestations Infections and infestations, organism not specified 2 3.1 5 1.8

“Number of cycles with the noted adverse experience.

PPercent of all cycles administered on which the noted adverse experience was reported.
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Fig. 1. Event-free and overall survival of all eligible patients on the
study.

the feasibility and toxicity of a regimen alternating carboplatin
and vincristine with TMZ.

This study was opened to all patients with progressive and/
or symptomatic LGG. We excluded patients with neurofibroma-
tosis type 1 due to a theoretical concern for exposure of these
patients to the methylating agent, TMZ, which has the potential
to cause second malignancies. The weekly carboplatin regimen
was chosen over a monthly regimen, as the published results
showed that the former had the best 3-year PFS, of 68%. The
regimen was tolerated well, with 33 patients completing at
least 70 weeks of therapy. More importantly, the study met
the requirements for the short-term and long-term feasibility

endpoints. The short-term and long-term feasibility success
rates were 87% (95% CI: 77%-96%) and 79% (95% CI:
68%-90%), respectively. The degree and type of toxicities
were expected. Compared with the study by Ater and col-
leagues,'? where the regimen containing weekly carboplatin
and vincristine given over 60 weeks had a cumulative carbopla-
tin dose of 7000 mg/m?, the present regimen had a prescribed
total cumulative dose of 4900 mg/m? given over 72 weeks."?
The regimen in this study also reduced the number of visits
for intravenous infusions significantly to 30/72 (42%) weeks
compared with 42/60 (70%) weeks in the study by Ater et al.*

Only 11% of patients developed allergy to carboplatin re-
sulting in cessation of carboplatin therapy. This is similar to
the incidence in the Children’s Oncology Group study A9952.
This is much lower than the incidence of 41.9% described by
Lafay-Cousin from the Canadian Pediatric Brain Tumor Consor-
tium.'® Increased cumulative exposure and weekly frequency
of systemic carboplatin infusions are implicated in hypersensi-
tivity reactions to carboplatin.’®~*8 The regimen in this study
lowers both the cumulative exposure and the weekly frequency
of carboplatin. However, the incidence of allergy is no different
from the A9952 study.

The 5-year EFS was 46% and the 5-year survival was 87%,
suggesting that this is an effective regimen in delaying progres-
sion of these tumors. Stable disease was the most common re-
sponse in 30 of the 60 patients, once again underscoring that
arrest of progression is as important in this type of tumor as CR
or PR. One of the regimens most commonly used in North
America is weekly treatment with carboplatin and vincristine.®*
In the initial report with newly diagnosed diencephalic LGG
using the weekly carboplatin and vincristine regimen, the
3-year PFS was 68%." This regimen was given over 94 weeks.
A shortened version (60 wk) was compared with a regimen
using 4 drugs: vincristine, 6-thioguanine, procarbazine, and
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CCNU (TPCV).'? The TPCV regimen was superior in preventing
tumor progression in a higher proportion of patients than was
carboplatin and vincristine.*” The 5-year EFS was 39% for
the carboplatin/vincristine regimen compared with 52% for
TPCV. The TPCV regimen, however, had slightly more toxicity
when the allergic reaction to carboplatin was excluded.
Gnekow and colleagues®® showed a 5-year PFS of 47% with a
regimen consisting of weekly vincristine and carboplatin given
every 3 weeks. Three-fourths of the patients who received
chemotherapy did not require radiation therapy. A phase II
study of vinblastine in patients who had previously received
1-3 regimens of chemotherapy with or without radiation
showed a 5-year PFS of 42%.” Other regimens include irinote-
can and bevacizumab, and cisplatin with etoposide.® % Al-
though cisplatin (lower dose) and etoposide in 37 patients
resulted in a 3-year EFS of 65%, there still is concern for the in-
cidence of ototoxicity and the resulting hearing loss in children
who are likely to be visually compromised at the time of diag-
nosis. Researchers with the French Society of Pediatric Oncology
described their experience with the combination of procarba-
zine, carboplatin, vincristine, etoposide, cisplatin, and cyclo-
phosphamide. They showed a 34% PFS rate at 5 years in a
group of children less than 5 years old.** The current study
compares very well with the above regimens in terms of out-
come, toxicity, ease of administration at home, and the total
duration of therapy.

Recent data showed that duplication of the BRAF proto-
oncogene at 7g34, activating mutations involving codon 600
in exon 15 of BRAF, V600E, and other mutations involving the
mitogen-activated protein kinase kinase (MEK)1/2 of the
mitogen-activated protein kinase (MAPK) pathway are impor-
tant in the pathogenesis of LGG.?* 3! The immediate down-
stream phosphorylation target of BRAF is MEK1/2 of the MAPK
pathway. Effective blockade of phosphorylation of MEK1/2
therefore provides an avenue of investigation to target progres-
sive LGG in central locations. Efforts to identify effective agents
that can block the MAPK pathway are under way. Such agents
perhaps in combination with chemotherapy may lead to long-
term stabilization of these tumors with minimal side effects.

In conclusion, it is feasible to deliver the combination of car-
boplatin and vincristine alternating with TMZ to children with
progressive/symptomatic LGG with acceptable toxicities. Ap-
proximately 60% of this regimen does not require a visit to
the hospital for intravenous infusions. However, whether this in-
dicates a better quality of life for the child and the family is un-
known at this time and is beyond the scope of this manuscript.
The risk for allergic reactions is low, as shown in this study, and
is similar to the incidence of allergy described by Ater et al.*?
Concomitant use of TMZ and its potential impact on immuno-
suppression may have also contributed to the lower rate of al-
lergy to carboplatin in this study. Also within the confines of the
study design, there is a suggestion that this combination is ef-
fective in delaying progression. Further trials are needed to es-
tablish the relative efficacy of this regimen compared with
other regimens in use and establish its priority in the armamen-
tarium of chemotherapy regimens to delay the use of radiation
therapy. Methylating agents like TMZ and procarbazine should
be used with caution. There is a concern for secondary malig-
nancies with the use of TMZ in general and especially in pa-
tients with neurofibromatosis type 1.

The future holds great promise for an increasing role for bi-
ologic agents, but until then, effective chemotherapy regimens
with reasonable toxicity profiles and ease of administration will
continue to play an important role in the management of chil-
dren with centrally located LGG.
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