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Radiation therapy remains the only treatment that pro-
vides clinical benefit to children with diffuse brainstem
tumors. Their median survival, however, rarely exceeds
9 months. The authors report a prospective trial of front-
line chemotherapy aimed at delaying radiation until time
of clinical progression. The aim was to investigate the
possibility that radiotherapy would maintain its activity
in children whose disease progressed after chemotherapy.
Twenty-three patients took part in this protocol, the BSG
98 protocol, which consisted of frontline chemotherapy
alternating hematotoxic and nonhematotoxic schedules.
Each cycle included three courses delivered monthly; the
first course was 1,3-bis(2-chloroethyl)-1-nitrosourea—
cisplatin, and the second and third were high-dose meth-
otrexate. Three patients underwent one cycle; 5 patients
each, two and three cycles; and 10 patients, four cycles.
Twenty of the 23 patients eventually received local radi-
ation therapy. A historical cohort of 14 patients who
received at least local radiation therapy served as controls.
Four patients experienced severe iatrogenic infections,
and 11 patients required platelet transfusions. Median
survival increased significantly in patients participating
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in the protocol compared to that in the historical con-
trols (17 months, 95% confidence interval [CI], 10-23
months, vs. 9 months, 95% CI, 8-10 months; p = 0.022),
though hospitalization was prolonged (57 vs. 25 days, p
= 0.001). Although frontline chemotherapy alternating
hematotoxic and nonhematotoxic schedules significantly
increases overall median survival, its cost from infection
and hospitalization deserves honest discussion with the
children and their parents. Neuro-Oncology 10, 599-607,
2008 (Posted to Neuro-Oncology [serial online], Doc.
DO07-00002, June 24, 2008. URL http://neuro-oncology
.dukejournals.org; 10.1215/15228517-2008-029)
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CNS arise in the brainstem, and 80% of these are

diffuse intrinsic tumors. They clearly differ from
focal, dorsally exophytic, and cervicomedullary tumors
on many points. They are typically seen with rapidly
progressing symptoms and signs comprising multiple
erratic cranial nerve palsies, long track deficits, cerebel-
lar symptoms, and/or raised intracranial pressure. The
wide availability of MRI allows easy confirmation of
diagnosis: the epicenter of the tumor sits in the pons,
which is diffusely enlarged and abnormal, an area that
is hypodense on T1-weighted images and hyperintense

From 10% to 15% of all pediatric tumors of the
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on T2-weighted images. Some tumors show central
enhancement, usually with ringlike distribution that
suggests necrosis, like that seen in high-grade gliomas. In
typical cases, histological confirmation is not requested'
both because it is dangerous and because it uniformly
shows grade III and IV gliomas. The natural history of
these tumors has not changed since radiation therapy
demonstrated its inconstant and always transient effi-
cacy. Neurological deficits improve in more than 80% of
cases, and steroids, often instituted at diagnosis, may be
gradually withdrawn. Radiological follow-up does not
help in this disease because any subtle modification of
clinical symptoms is easily detected. Median time to dis-
ease progression is uniformly short (5-6 months), and
median survival never exceeds 10-12 months. No more
than 10% survive long term.

Because this disease behaves rather stereotypically,
it is usually included in specific trials but not in trials
concerning high-grade gliomas. Thus, considerable
data since the 1980s show no improvement irrespective
of modifications made to the radiotherapy schedule.?
Increasing total dose by hyperfractionation produced
median survival of 9-12 months in several uni- and
multicentric trials.?~

Chemotherapy also failed to improve prognosis, whether
given orally,'°'? intravenously at standard dose,'3-2?
intra-arterially,?? or at high dose with stem cell res-
cue.>*28 Similarly, clear improvement did not occur after
chemotherapy given at time of progression.?® All these
data have been revisited recently in a meta-analysis.3°

Thus, innovative strategies are warranted. In proto-
cols for brain tumors in infants, chemotherapy prolongs
a period free of radiation®!3? to avoid neuropsycho-
logical sequelae in long-term survivors. In contrast, in
tumors of the brainstem, because no cure is expected

soon, one may only modestly propose to prolong life
by postponing radiation therapy and instead prolong-
ing chemotherapy as long as possible. Because literature
regarding adult patients has shown significant advan-
tage when nitrosourea-containing regimens were added
to radiotherapy,?*~3% and continuous infusion of 1,3-bis
(2-chloroethyl)-1-nitrosourea (BCNU) and cisplatin pro-
duced encouraging results in patients with naive glio-
blastomas,3® we designed a prospective trial of frontline
chemotherapy that included nitrosoureas and cisplatin.
To further enhance the activity of this protocol, we pro-
posed to add tamoxifen?”3® during these courses. How-
ever, because the goal was to postpone radiation for a
prolonged period, and because nitrosoureas are usually
hematotoxic after four to six cycles, we had to find an
effective nonhematotoxic compound that could be deliv-
ered between the cycles of nitrosourea. High-dose meth-
otrexate was chosen because it satisfied these require-
ments.'*3 To further enhance and prolong the efficacy,
we delivered tamoxifen during and hydroxyurea*® dur-
ing and after the radiation therapy as maintenance.

Materials and Methods

From January 1998 through September 2004, every child
admitted to the Centre Léon Bérard of Lyon for treatment
of diffuse brainstem glioma (BSG) was invited to partici-
pate in the prospective BSG 98 protocol. Twenty-three
patients were admitted to the protocol, and after written
informed consent was obtained, chemotherapy was initi-
ated as soon as central venous access was achieved.

Fig. 1 summarizes the delivery strategy. Each cycle
of chemotherapy consisted of three courses delivered at
30-day intervals. The first course comprised oral tamox-
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Fig. 1. Schedule of the BSG 98 prospective protocol. Abbreviations: Tamox, tamoxifen; HD-MTX, high-dose methotrexate; SD, stable
disease; PD, progressive disease; RT, radiotherapy. Modified Grossmann refers to treatment of continuous infusion of BCNU and cisplatin
based on Grossman et al.,3® as modified here (see “Materials and Methods"). *Tamoxifen was omitted in latest patients.
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Table 1. Drug dosing and schedule for the BSG 98 prospective protocol

Day

Treatment 1 2 3 4 5
Modified Grossman course 12

Tamoxifen® 100 mg/m? 20 mg/m? 20 mg/m? 20 mg/m? 20 mg/m?

BCNU 24-h continuous infusion 40 mg/m? 40 mg/m? 40 mg/m? 40 mg/m?

CDDP 24-h continous infusion 40 mg/m? 40 mg/m? 40 mg/m? 40 mg/m?
Courses 2 and 3: high-dose MTX

MTX 3-h continuous infusion 12 g/m?

Folinate rescue each 6 h
Chemotherapy during and after RT
Hydroxyurea

Tamoxifen®

15 mg/m?/6h 15 mg/m?/6 h 15 mg/m?/6 h

20 mg/kg/day until progression
20 mg/kg/day until during RT

Abbreviations: BCNU, bis(2-chloroethyl)-1-nitrosourea; CDDP, cisplatin; MTX, methotrexate; RT, radiotherapy.

2Modified Grossmann refers to treatment of continuous infusion of BCNU and cisplatin based on Grossman et al.,® as modified here (see “Materials and Methods").

"Tamoxifen was omitted in the latest patients.

ifen (100 mg/m?2, day 1; 20 mg/m?, days 2-5) and contin-
uous infusion of BCNU and cisplatin (both at 20 mg/m?,
days 2-5). The second and third courses comprised high-
dose methotrexate (12 g/m?) delivered as a 3-h infusion
followed by a folinic rescue at 15 mg/m? 4 times a day as
long as the serum level of methotrexate remained below
0.15 mmol (Table 1). These 3-month cycles were repeated
until clinical deterioration was noticed. Steroid dose was
reduced at each step according to clinical conditions.

Aware that transient deterioration is possible after
either chemotherapy or radiotherapy, we only observed
children during the first cycle and refrained from early
irradiation when feasible. Later, at the first sign of clini-
cal deterioration, the child underwent standard radia-
tion therapy by two opposed portal fields; 54 Gy was
delivered in daily 2-Gy fractions accompanied by oral
administration of tamoxifen (20 mg/m? during radia-
tion therapy) and hydroxyurea (20 mg/kg/day orally
until progression). Tamoxifen was deleted from pre- and
postradiation protocols as soon as its lack of efficacy
in treating BSGs was published.*! To constitute a group
of historical controls, we retrospectively reviewed the
data for all children with diffuse gliomas of the brain-
stem admitted to our institution during the previous 10
years; we identified 15 patients between April 1992 and
December 2001 who were suitable for comparison. One
patient was excluded from the historical control cohort
because he had a genetic predisposition for multiple
enchondromatosis, which we have found may confer
an unusually long-term survival.*? Thus, two groups of
patients were found: group A received radiation either
directly at diagnosis or after frontline administration
of procarbazine as part of a French Society of Pediat-
ric Oncology (SFOP) phase II window study of frontline
procarbazine,!" and group B received carboplatin before
and during radiation therapy as part of an SFOP phase
II study published elsewhere.'s

The triangular test of Bellissant et al.** was used to
compare patients in the historical group and the current

protocol. Results of the test correspond to the hypoth-
eses Hy = p < 0.50 and H; = p > 0.50, with p; = 0.70
(= 0.10, = 0.05). The upper and lower boundaries are
given by Z = S — Npg and V = Npg (1 - pg), where S
represents progression-free survival and 7 the number of
patients participating in the analysis. If the path crosses
the upper boundary, the proposed strategy is concluded
to be better; if it crosses the lower boundary, no appar-
ent benefit for the proposed strategy is indicated.

Differences in characteristics between the two groups
of patients were tested using Pearson’s chi square test
or the nonparametric Mann-Whitney exact test where
appropriate. Survival was defined as the time from (1)
diagnosis or (2) radiation therapy until death by any
cause. Survival was evaluated by Kaplan-Meier estima-
tion, and differences between survival functions of the
two groups were evaluated using the log-rank test. Sig-
nificance was defined as p = 0.05, with 95% confidence
intervals (CIs).

Results

Patient Characteristics and Treatment

Tables 2 and 3 summarize the characteristics of patients
in the historical group (14 patients) and those in the cur-
rent protocol (23 patients). The mean age at diagnosis
was 6.3 = 2.7 years in the historical group, lower than
in our group (9.2 = 4.9 years; p = 0.06); the ratio of
boys to girls and the mean duration of symptoms before
diagnosis were similar in the two groups. Diagnosis was
obtained by MRI in all cases. Centralized retrospective
review was possible in 21 of the 23 cases in the experi-
mental arm. The percentage of invasion ranged from
50% to 100% (only two patients had 50% invasion; all
others had at least 75%); involvement included pedun-
cles in 12 cases, pons in all, bulbar region in all but one,
and medulla oblongata in eight; the mean surface area
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of the largest invasion measured on two dimensions was
15.7 cm? (range, 9-32 cm?). Biopsy and/or debulking
was performed in 2 of the 14 patients in the historical
group and 4 of the 23 patients in our group. In the latter
cohort, the reasons for this surgery were as follows: two
had biopsy prior to multidisciplinary advice, and two

Table 3. Diagnosis findings and outcome in experimental cohort

Table 2. Characteristics of historical controls versus patients in current protocol

Characteristic Historical Group Current Protocol p-Value
Number of patients 14 23
Mean age at diagnosis + SD (years) 63+27 9.2+49 0.056
Male/female ratio 4/10 10/13
Mean duration of symptoms + SD (days) 39.4 £245 63.9 £58.4 0.48
Surgery

Biopsy + debulking 2 4

Primary shunt 1 1

Secondary shunt 2 6

Secondary surgery 1 0

None 8 12
Steroid withdrawal® 7/14 (50%) 12/22 (55%) 0.79
Total stay in hospital + SD (days) 249 +220 573 +21.8 0.001

2Data missing for one patient.

had excision of a necrotic mass that exerted mass effect.
A shunt was inserted at diagnosis in one patient in each
of the two groups, and later in the course of therapy in
two patients in the historical group and six patients in
the experimental protocol. One patient in the historical
group underwent secondary debulking.

Delay Delay, Delay,
Symptoms/ Chemotherapy before Diagnosis RT  Diagnosis  Cause
Age Diagnosis % RT (Number Steroid to RT Dose to Death of

Patient (Years) Sex (Days) Invasion Surgery of Courses) Withdrawn (Days) (Gy)  (Months) Death
1 8 F 42 90 No 4 GRT + 5 MTX Y 248 54 15 DOD
2 5 F 94 100 Shunt Il 2 GRT Y 35 54 20 DOD
3 7 F 16 90 No 4 GRT + 1 MTX N 0 8 DOD
4 4 F 27 75 Biopsy 4 GRT + 7 MTX Y 344 54 22 DOD
5 12 M 108 75 Biopsy 1 GRT Y 58 54 35 DOD
6 16 F 112 75 No 3 GR + 6 MTX N 256 54 13 DOD
7 7 F 11 75 Biopsy 4 GR + 8 MTX Y 318 54 18 DOD
8 14 M 66 90 Ventriculo Il 4 GR + 6 MTX Y 296 54 27 DOD
9 7 F 50 75 Shunt I 2 GR + 4 MTX N 190 54 11 DOD
10 7 M 59 75 Shunt I 3 GR + 6 MTX N 293 54 17 DOD
1 4 M 15 90 Shunt | 4 GR + 8 MTX Y 351 54 21 DOD
12 15 F 95 75 Shunt I 4 GR +7 MTX N 376 54 20 DOD
13 9 F 9% 50 No 4 GR + 8 MTX Y 372 54 26 DOD

14 13 F 8 No 1GR + 2 MTX N 103 54 6 DTOX
15 17 M 184 50 Biopsy 2 GR + 4 MTX N 206 6 7 DOD
16 20 M 211 75 No 3 GR + 6 MTX Y 778 54 73 DOD
17 8 M 137 75 No 2 GR + 4 MTX N 215 30 13 DOD
18 10 F 11 Shunt I 3 GR +5 MTX Y 0 9 DOD
19 10 F 9 75 No 4 GR + 6 MTX N 296 28 11 DOD
20 3 M 16 100 No 4 GR + 8 MTX Y 377 54 26 DOD
21 6 F 2 75 No 4 GR + 2 MTX Y 227 54 10 DOD
22 4 M 22 75 No 3 GR +2 MTX N 147 42 8 DOD
23 4 M 55 100 No 1 GR + 2 MTX N 98 45 15 DOD

Abbreviations: RT, radiotherapy; F, Female; II, performed after diagnosis; GRT, Grossman-tamoxifen; MTX, high-dose methotrexate; Y, yes; M, male; DOD, dead of disease;

N, no; GR, Grossman; Ventriculo, ventriculocisternostomy; I, performed at diagnosis; DTOX, dead of toxicity.
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All patients in the experimental group received 1-12
courses of frontline chemotherapy (mean, 9 courses); the
mean number of courses of tamoxifen—-BCNU-cisplatin
was 3 (range, 1-8 courses), and of high-dose methotrex-
ate, 5 (range, 0—8 courses). Three patients received only
one cycle: two suffered early progression, and one was
advised by a second physician against chemotherapy.
Ten patients discontinued chemotherapy after either
two cycles (five patients) or three cycles (five patients):
nine from clinical progression and one from protocol
violation. Ten patients received four cycles. All of the 21
patients who ultimately received radiotherapy showed
clinical progression; disease had stabilized in one patient
and was still clinically responding in a second.

The complications related to chemotherapy included
septicemia in four patients (gram negative, 3; Staphylo-
coccus aureus, 1). Another patient suffered toxic death
from gram-negative and Candida albicans septicemia.
This 13-year-old girl became tetraparetic 1 month
after diagnosis and suffered a lung abscess secondary
to chronic swallowing deficiency. She received her last
courses of chemotherapy 3 months and radiation ther-
apy 2 months prior to the septicemia. Complete neutro-
penia developed from treatment with hydroxyurea, and
massive doses of steroids left her chronically immuno-
suppressed. Four other patients had episodes of fever of
unknown origin. One of these also had an acute crisis
from Plasmodium falciparum. One patient suffered her-
pes zoster infection. One patient had transient metho-
trexate intoxication and transient increased creatinine-
mia (maximum, 140 mmol/l). Eleven patients required
platelet transfusions (mean, 3 transfusions; range, 1-6),
and six required red blood cell transfusions (mean, 1
transfusion; range, 1-4).

Survival Probability
(4.}

0,0

Altogether, 21 of the 23 patients received radiation
therapy; the other two did not, one because of parental
refusal (the child had durable clinical remission before
progression of disease at cycle 4; his parents refused to
risk a second sequence of improvement—deterioration)
and one as a result of explosive clinical progression of
disease. Seventeen patients received 54 Gy of radiation.
Radiation therapy was interrupted because of poor neu-
rological status in the remaining four patients, who had
received, respectively, 6, 28, 30, and 42 Gy. Only 10 of
the 23 patients received the planned postradiation ther-
apy by hydroxyurea and tamoxifen because of compli-
ance failure or protocol amendment (see above).

The historical control cohort included patients who
received radiation directly (four patients), after partici-
pation in an SFOP study of a frontline window of pro-
carbazine administration (four patients), or in an SFOP
phase II study that administered carboplatin before and
during radiation therapy (five patients). One further
patient included in the historical cohort, admitted in
2001, received frontline radiotherapy because his par-
ents refused participation in the experimental protocol.

Survival and Quality of Life

All patients ultimately died. In the experimental proto-
col, the median survival of 17 months (95% CI, 10-23
months) was significantly better than the 9 months in
the historical group (95% CI, 8-10 months; p = 0.022)
(Fig. 2). When survival is considered from time of radio-
therapy in both groups, their representative curves super-
impose (Fig. 3), suggesting that the 8-month difference
in survival is due to chemotherapy. Only the line repre-
senting members of the experimental protocol crosses

Current protocol (23 patients, all deceased)

/ Median survival: 17 months (95% CI: 10-23)

Historical group (14 patients, all deceased)
Median survival: 9 months (95% CI: 8-10)

Months from diagnosis

Fig. 2. Overall survival of patients in the current protocol versus historical controls (p = 0.022, log-rank test). Cl, confidence interval.
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1.0 1 —-I

Survival probability

0,0

Current protocol (20 patients, all deceased)

9 )/]T/ Median survival: 7 months (95% CI: 6-8)
8 1

Historical group (14 patients, all deceased)
Median survival: 9 months (95% CI: 8-10)

Months from radiation therapy

Fig. 3. Overall survival of patients in the current protocol versus historical controls with time from radiation therapy as the starting point

(p = not significant [NS], log-rank test). Cl, confidence interval.

the superior boundary on the Bellisant triangle (Fig.
4), suggesting that this protocol is better than previous
ones. Steroids could be at least transiently withdrawn in
half of the patients of both groups (p = 0.79).

For the patients included in the experimental arm, the
mean length of hospitalization for chemotherapy and/
or complications was 43 days (range, 10-81 days). For
chemotherapy, complications, and palliative care, the
mean length of hospitalization was 57.3 = 21.8 days,
significantly more than the 24.9 = 22.0 days for patients
in the historical group (p = 0.001). Altogether, the mean
delay between diagnosis and radiotherapy initiation was
248 days (range, 35-778 days).

Discussion

The uniformly dismal prognosis, despite various thera-
peutic attempts, for children with BSGs warrants inno-
vative strategies. We wanted to investigate the possibility

—=— Upper limit

‘,:e_‘.g.s"-——;/ —— Lower limit
/
L~

==@==Current protocol

——RT+/-PCB

—¥— Carbo containing
regimen

Fig. 4. Triangular test of Bellissant et al.** for patients in the current
protocol versus historical controls. Abbreviations: RT, radiotherapy;
PCB, procarbazine; Carbo, carboplatin.
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that radiotherapy would maintain its activity in children
whose disease progressed after chemotherapy.

In the adult literature, two meta-analyses showed a
modest but significant advantage when regimens includ-
ing nitrosourea were added to radiotherapy.??3* More-
over, when the protocol was designed, Grossman et al.3®
had recently reported only 5% of progression in patients
with naive glioblastomas who received continuous infu-
sion of BCNU and cisplatin. This suggested that chemo-
therapy might be safely administered prior to radiation,
and this preadministration served as the backbone of
the present trial. However, the hematological and poten-
tial renal, pulmonary, and audiological toxicities of this
treatment, when delivered regularly, precluded its use as
an elective treatment.

To maintain the chemotherapeutic pressure, the
search for an alternative nonhematotoxic regimen sug-
gested high-dose methotrexate as a good candidate.
Some studies have reported encouraging results in chil-
dren with gliomas.'*3° Delivered prior to radiotherapy,
this drug does not expose the patient to the risk of leu-
koencephalopathy that it would if delivered after radia-
tion. Courses of high-dose methotrexate may be deliv-
ered weekly. The unusually long delay between courses
herein was a compromise between efficacy and quality
of life.

Tamoxifen was shown to have an antiproliferative
effect in glioma cells in vitro.3”3® This may be explained
by the drug’s inhibitory effect on the protein kinase C
activity of glioma cells.?” Because tamoxifen is highly
protein bound, we could not use it in combination with
high-dose methotrexate, and it was proposed for use
only during infusion of BCNU-cisplatin and during
radiation therapy. A recent study has failed to show its
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activity in patients with gliomas,** and its use was thus
discontinued in the latest patients.

The administration of hydroxyurea after radiation
therapy was advocated because of its demonstrated
activity in adult series of gliomas.*® Moreover, the pos-
sible antiangiogenic role of continuous low-dose oral
administration of chemotherapy was recently pointed
out with etoposide or vinblastine. We had hypothesized
a similar effect with prolonged oral administration of
hydroxyurea. It is impossible to conclude in this series
whether the drug contributed to prolonged survival, but
this is unlikely because most patients refused to take it.

The strategy proposed in the current study was similar
to that used in babies to try to delay the deleterious effect
of radiation therapy on young brains.33> However, the
goal of this delay was different from that in babies; the
question was whether radiation therapy would retain its
activity in patients whose disease was progressing under
chemotherapy. We set a maximal duration of chemo-
therapy at 1 year, and this goal was reached in half of
our patients. Our study showed that the median time
from radiation therapy to death (7 months) did not dif-
fer significantly from that expected from use of frontline
radiotherapy, as reported in the literature, nor did it vary
from what we found in our historical group. This sug-
gests that frontline chemotherapy does not decrease the
efficacy of radiation therapy delivered at time of relapse.
The ultimate goal, to increase the number of long-time
survivors, was not reached.

There is no selection bias in the population presented.
All demographic and clinical data correspond to those
usually reported in the literature: mean age 9 years
with no patient younger than 3 years, involvement of
cranial nerves in all but one patient, and standard cen-
trally reviewed MRI in all but two patients. The mean
duration of symptoms (60 days) may be considered lon-
ger than usual: however, among the three patients who
had more than 120 days’ duration of symptoms, all had
typical MRI findings, and only one had an unusually
long survival; all published series have such rare long
survivors. To our knowledge, the results presented here
are the best among such groups of patients, though it
may be suggested modestly that chemotherapy increases

overall survival by 8 months. However, in terms of tox-
icity, the costs associated with the need for a central line
and prolonged hospitalization may not be worthwhile
and should at least be discussed with the parents. One
such case serves as an important reminder that repeti-
tion of sequences of remission and progression of disease
may adversely affect the well-being of parents and may
not apparently benefit the children. The case involved
a child’s durable clinical remission before progression
of disease at cycle 4. Having seen their child improve
after chemotherapy and then deteriorate, his parents
refused to risk a second sequence of improvement—
deterioration.

This series suggests that standard chemotherapy that
alternates hematotoxic and nonhematotoxic courses
prior to radiotherapy may significantly, but modestly,
improve median survival. The cost from infection and
hospitalization deserves honest discussion with the chil-
dren and their parents. In such a cohort, steps to improv-
ing survival include omission of drugs from the treat-
ment regimen that have not been demonstrated to be
useful, such as tamoxifen and hydroxyurea; optimizing
drug delivery by modifying duration of methotrexate
injection and folinic rescue; and because some efficacy
from association with biological modifiers, such as retin-
oic acid, has been suggested in adults with high-grade
gliomas,* addition of some form of antiangiogenic and/
or biological modifier during chemotherapy. Most likely,
if cure is ever obtained in such disease, it will come from
a multidisciplinary approach that uses additive compo-
nents. There is still a large place for research.
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