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Abstract

Purpose—To determine the role of amifostine as a protectant against cisplatin-induced ototoxicity
in patients with average risk (AR) medulloblastoma treated with craniospinal radiotherapy and 4
cycles of cisplatin-based dose-intense chemotherapy and stem cell rescue.

Patients and Methods—The primary objective was to determine whether, in patients with AR
medulloblastoma (n=62), amifostine would decrease the need for hearing aids (defined as > grade 3
ototoxicity in one ear) compared to a control group (n=35), one year from initiating treatment. (Figure
1) Ninety-seven patients received CSI (23.4 Gy) followed by 55.8 Gy to the primary tumor bed, using
3-D conformal technique and 4 cycles of high-dose cyclophosphamide (4000 mg/m? per cycle),
cisplatin (75 mg/m? per cycle), and vincristine (two 1.5 mg/m? doses per cycle) and stem cell rescue.
When used, amifostine (600 mg/m? per dose) was given as a bolus immediately prior to and 3 hours
into the cisplatin infusion.

Results—The median age of the 97 patients was 8.7 years (range, 3.2-20.2 years). The study and
control groups were similar in age and sex distribution. Amifostine was well-tolerated. One year
after treatment initiation, 13 (37.1%) of the control-group versus 9 (14.5%; p=0.005 Chi-Square one-
sided test) of the amifostine-treated patients had > grade 3 ototoxicity, requiring hearing aid in at
least one ear.

Conclusion—Amifostine administered prior to and during the cisplatin infusion can significantly
reduce the risk of severe ototoxicity in patients with AR medulloblastoma receiving dose-intense
chemotherapy.
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INTRODUCTION

Medulloblastoma is the most common malignant brain tumor of childhood. The addition of
platinum-based chemotherapy to post-operative craniospinal irradiation has increased cure
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rates for patients with localized, resected medulloblastoma to over 80% and permitted
reductions in the dose of craniospinal radiation.1:2 However, 23-50% of patients experience
cisplatin-associated ototoxicity. —4

When administered before chemotherapy or radiation, amifostine, provides broad-spectrum
cytoprotection of hematologic, renal, neural, and mucosal tissues without attenuating antitumor
effect.>:6 Amifostine is rapidly converted by alkaline phosphatase to its active metabolite
WR-1065.7:8 The much greater concentration of membrane-bound alkaline phosphatase in
normal than in neoplastic tissue accounts for the differential protection.

The recommended adult single daily amifostine dose is 910 mg/m? with hypotension as the
dose-limiting toxicity.lo‘1 Evidence suggests that multiple daily doses of amifostine may
improve its cytoprotective effects, especially with drugs such as cisplatin.13‘15 A phase |
pediatric study established the recommended pediatric dose of amifostine for a twice daily-
dose regimen as 600 mg/m? per dose.16

Studies of amifostine’s %rotective effect ag;ainst cisplatin-induced ototoxicity have yielded
conflicting preclinical 17,18 and clinical ©:19-25 results. The use of other agents including
sodium thiosulfate?6: 27, sodium salicylate28 and n-acetylcysteine27 have also been explored
to protect against cisplatin-induced ototoxicity.

We prospectively investigated whether amifostine, administered prior to and during cisplatin
infusion, would protect children with average risk (AR) medulloblastoma, who received
craniospinal (CSI) irradiation followed by 4 cycles of platinum-based dose-intense
chemotherapy, from developing grade 3 or 4 ototoxicity (requiring a hearing aid in at least one
ear) one year after initiation of therapy.

PATIENTS AND METHODS

Patients

Between October 1996 and May 2005, 113 patients aged >3 and <21 years with newly
diagnosed, previously untreated AR medulloblastoma received protocol—prescribed therapy at
garticipating institutions. AR was classified according to a modified Chang staging system,

9 and as previously described.L Eligibility criteria for enrollment on this treatment protocol
have been previously described.l The protocol was reviewed and approved by the Institutional
Review Board of all participating institutions and informed consent for treatment was obtained
from all patients, parents or legal guardian, as appropriate.

Figure 1 summarizes the treatment groups. The control arm comprised of 36 patients with
medulloblastoma treated on a prospective trial (SJIMB 96) described in the treatment section.
One patient died within a year of starting treatment. Hence, 35 patients with audiology exams
approximately one year from starting therapy were included in the control group. In August
1999, the protocol was amended to include amifostine. Fifty-one patients with AR
medulloblastoma were enrolled on the amended study (SJMB 96). The follow-up study
(SIMBO03) expanded the biology components into primary objectives while retaining the same
dose-intense cisplatin-based chemotherapy regimen with amifostine. The first 26 evaluable
patients enrolled on SIMBO03 were also included in the amifostine-treatment cohort.

Among the 77 patients with AR medulloblastoma included in the amifostine-treatment group,
15 were excluded from the analysis for the following reasons: off-study within one year due
to toxicity (not amifostine-related) (n=5), off study at parents’ request (n=1), progressive
disease (n=2), death (n=3), no amifostine given (physician preference) (n=1), no audiology
exams within the appropriate time frame from study enrollment (n=2), or positive pregnancy
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test precluding use of high-dose chemotherapy (n=1). Thus, the amifostine-treatment group
described and analyzed on this study comprised of 62 consecutive, evaluable patients treated
with amifostine who had audiology assessments approximately one year from starting therapy.

After completing the initial analysis, we noted that 6 of the amifostine-treated patients who did
not receive all 4 courses of cisplatin, did not experience severe ototoxicity. To ensure that the
inclusion of these patients did not compromise the study findings, we reanalyzed the data after
replacing these patients with 6 consecutive patients on the ongoing SIMBO03 protocol who had
received all courses of cisplatin and amifostine and had one year audiology follow-up.

Maximal resection of the tumor was attempted in all patients. All patients received 23.4 Gy
CSland 55.8 Gy to the primary tumor bed, using 3-D conformal (3D-CRT) technique. Seventy-
five patients on SIMB96 (35 without and 40 with amifostine, respectively) received an initial
12.6 Gy 3D-CRT boost to the posterior fossa (cumulative 36 Gy), followed by primary site
irradiation to 55.8 Gy using a 2 cm clinical target volume margin; 22 patients enrolled on the
SIMBO03 study (all treated with amifostine) received primary site irradiation to 55.8 Gy using
a 1 cm clinical target margin. After a 6-week rest, all patients began 4 cycles of high-dose
chemotherapy as previously described. 130

When given, amifostine, 600 mg/m2/dose, was administered intravenously over 1 minute,
immediately prior to and 3 hours into the cisplatin infusion. Supportive care guidelines for
amifostine included 1) adequate pre-hydration; 2) holding antihypertensive medication for 24
hours prior to infusion, 3) placing patients supine and monitoring blood pressure every 5-10
minutes for 25 minutes after amifostine infusion, administering a 20 ml/kg normal saline bolus
over 1 hour with decreases of > 20 mm systolic; monitoring of serum total and ionized calcium
for 24 hours after amifostine administration and, if ionized calcium < 1.0 mmol/I,
administration of intravenous calcium chloride (10-20 mg/kg/dose).

After observing mild to moderate hypocalcemia in several patients, we began prophylactic
administration of continuous intravenous calcium chloride infusion (20 mg/kg) concurrently
with the 6-hour cisplatin infusion and then again 6 hours after the completion of the cisplatin
infusion, while monitoring ionized serum calcium for 24 hours. Additional supportive care and
stem-cell collection procedures have been described previously.ll3

Patient monitoring and follow-up

During protocol therapy, patients’ disease status and toxicities (graded using the National
Cancer Institute’s common toxicity criteria) were monitored with appropriate laboratory
assessments and imaging studies. After completion of therapy, follow-up examinations and
imaging were performed every 3 months for the first 18 months, every 6 months until 5 years,
and yearly thereafter.

Hearing Evaluations

Audiograms were obtained at diagnosis, after radiotherapy completion, after each cycle of
chemotherapy, and 6 weeks, 6 months, one year and thereafter annually after the completion
of all therapy. Evaluation of hearing depended on the patient’s age, development, and
cooperation. Conventional audiometry was generally performed on patients > 5 years: the
patient would sit in a sound-booth and indicate when a pure tone stimulus was heard by raising
his or hand or by pressing a button. Conditioned play was typically performed on children aged
3-5 years: patients would sit in a sound-booth and indicate when a pure tone stimulus was
heard by playing a simple game (i.e., throwing blocks into a bucket). Conventional pure-tone
audiometry and conditioned play audiometry were obtained using a GSI-61 audiometer
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(Grason-Stadler, Inc., USA) with ER-3A/5A insert earphones and TDH-50 headphones. Air
conduction thresholds were measured at 2.5, 5, 1, 2, 3, 4, 6, and 8 kHz.

The ototoxicity criteria were similar to criteria used in the recently completed phase Il
intergroup average-risk medulloblastoma protocol (A9961) (Table 1). Any patients with >
grade 3 ototoxicity (> 25 dB HL loss at 2000 Hz) required hearing aids. We obtained the
thresholds from 2000-8000 HZ and the audiologist-determined toxicity grades for all exams.
The audiology exam obtained closest to one year from study enrollment was selected for
analysis. Grades were assigned by audiologists who performed exams as part of their routine
clinical responsibilities. Grades were confirmed by plotting the thresholds and grades over time
for each patient, ensuring that the thresholds were consistent with the grade assigned by the
audiologist.

Eighty percent of patients had at least 1 audiology exam between 9 and 15 months; 19 patients
(8 in the control group and 11 in the amifostine group) did not. For these patients we deduced
the occurrence of ototoxicity at one year from study enrollment using thresholds and grades
of the exam obtained prior to the one year date (median 7 months after study enrollment [range:
4.8-8.6 months]) and of the first exam after the one year date (median 1.6 years after study
enrollment [1.3-2.5 years]).

The left and right cochlea were defined systematically on the treatment planning CT and the
mean radiation dose for each cochlea was computed.

Dose Modifications for Ototoxicity

If patients experienced grade 3 ototoxicity, the cisplatin dose was reduced by 50%. For grade
4 ototoxicity, cisplatin was held and not restarted unless follow-up audiograms demonstrated
improved hearing.

STATISTICAL DESIGN

RESULTS

The study objective was to investigate amifostine’s ability to protect children receiving a dose-
intense cisplatin-based regimen from severe ototoxicity, defined as >grade 3 ototoxicity
requiring hearing aids in at least one ear, one year after treatment initiation. We estimated31
that 62 patients receiving amifostine would be required for 80% power (a = 0.05, one-sided
chi-square test) to detect a 20% reduction from the observed rate of 37% in the 35 AR patients
treated on the protocol without amifostine. Two interim analyses32 were performed, after 24
patients and 32 patients; both resulting in continuation of the trial.

To investigate the effect of cochlear RT dose and treatment with amifostine on the occurrence
of agrade 3 or 4 ototoxicity at one year from treatment initiation, a method utilizing generalized
estimating equations (GEE),33 as implemented in PROC GENMOD of the SAS/STAT®
software was used. PROC MIXED of the SAS/STAT software was used to investigate
differences in the RT dose to the cochlea between the control group and those receiving
amifostine. These repeated measures models analyze the cochlear doses from each ear while
taking into consideration that the outcomes within a subject may be correlated.

Characteristics for the control (n=35) and amifostine (n=62) groups are summarized in Table
2.
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Among the 35 patients in the control group, 4 (11%) did not receive all 4 courses of cisplatin
because of development of grade 3 ototoxicity prior to completing 4 courses (n=3), and grade
1 ototoxicity in a blind patient (n=1; at physician’s discretion).

Eight of the 62 patients treated with amifostine (13%) did not receive all 4 courses of cisplatin.
One received only one course of chemotherapy because of overwhelming sepsis; 7 received
only 3 courses of cisplatin for the following reasons: grade 3 ototoxicity after course 3 (n=2),
grade 2 ototoxicity with pre-existing grade 4 ototoxicity in the other ear (n=1), bilateral grade
2 ototoxicity with previous history of meningitis (n=1), decreased GFR (n=1), persistent
thrombocytopenia (n=1) and osteomyelitis (n=1).

Hearing Loss

One year from study enrollment, 9 of 62 patients in the amifostine-group (14.5%) had grade 3
or 4 ototoxicity requiring hearing aids, compared to 13 of 35 (37.1%) in the control group
(p=0.005, Table 3).

Among amifostine-treated patients, the proportion of patients with severe ototoxicity was
similar among the 40 who received a posterior-fossa boost (13.6%) and the 22 who did not
(15.0%). If we restrict the comparison to include only those patients in the SIMB96 protocol
(all of whom received the posterior-fossa boost), the proportion of patients with severe
ototoxicity remains significantly less in the amifostine (n=40) compared to the control group
(n=35, p=0.014).

Among the 8 amifostine-treated patients who received fewer than 4 courses of cisplatin, 6 did
not experience severe ototoxicity one year after treatment initiation. Thus, we reanalyzed the
data replacing those 6 patients in the amifostine group with 6 consecutive patients on the
ongoing SIMBO3 study, who received all four courses of cisplatin. Even with this new cohort,
amifostine significantly decreased the percentage of patients experiencing severe ototoxicity:
10 of 62 (16%) vs.13 of 35 (37.1 %) (p=.010).

Cochlear radiation doses were available in 56 patients. Fourteen patients had > grade 3
ototoxicity in at least one ear. The mean cochlear radiation dose with > grade 3 ototoxicity was
49.4Gy (34.6-47.5Gy) compared to 49Gy (31.0-60Gy) in ears with < grade 3 ototoxicity
(p=0.94).

In a univariate GEE model, no amifostine use was the only factor significantly associated with
severe(> grade 3) ototoxicity (p=0.042); cochlear radiation dose was not (p=0.80). In a multi-
variate GEE model including both cochlear dose and amifostine, only the absence of amifostine
remained significantly associated with severe ototoxicity (p=.047).

Eighty-two patients had hearing assessments 2 years after treatment initiation. The incidence
of severe ototoxicity in the control group (n=34) was 35% compared to 17% in the amifostine
group (n=48, p=0.048). Although the number of amifostine-treated patients with 3-year follow-
up was too small for adequate statistical analysis, amifostine continued to demonstrate a
protective trend (data not shown).

Toxicities Related to Amifostine

Given the short half-life and toxicity profile of amifostine, we reviewed all adverse events that
occurred within 48 hours of the amifostine infusion for all cycles. Table 4 includes grade 3 or
4 adverse events at least possibly attributable to amifostine.
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Progression-Free Survival

There was no difference in the progression-free survival (PFS) distributions between the
control and amifostine groups (p=0.99) (figure 2); the median follow-up for those surviving
in the control group was 8.1 years compared with 3.8 years in the amifostine group. 84% and
100% of the surviving patients in the control and amifostine groups, respectively, had follow-
up within one year of data analysis.

DISCUSSION

This study demonstrates that amifostine, administered as a bolus infusion, before and during
cisplatin (cumulative dose 300 mg/m?2) infusion at 600 mg/m#/dose, significantly reduces the
incidence of grade 3 or 4 ototoxicity in patients with AR medulloblastoma (p=0.005), without
altering patients’ outcome.

Cisplatin ototoxicity, typically bilateral and high frequency in nature, is caused by damage to
the outer hair cells in the organ of corti, 34,35 the spiral ganglion and stria vascularis. 36,37 The
mechanism of cisplatin ototoxicity involves the formation of reactive oxygen species,
generated in cells by cellular metabolism, inflammation and chemotherapy . Amifostine’s
active metabolite, WR1065, has been regorted to attenuate cisplatin-induced toxicity by acting
as a scavenger of oxygen free radicals38 and binding to the active species of platinum agents,
to prevent 8,39 and reverse DNA platmation.40

Few prospective studies have documented amifostine protection against cisplatin-induced
ototoxicity. Although Kemp et al’s® randomized phase Il trial reported that pretreatmentW|th
amifostine resulted in a 43% reduction in the incidence of ototoxicity, other adult?24L and
pediatric trials 23-25 pave failed to show any protection.

Marina et al. reported the lack of protection of amifostine a%amst cisplatin ototoxicity in
children with extracranial, extragonadal germ cell tumors.2 Twenty-five children (15
evaluable for ototoxicity) received amifostine, 825 mg/m? as a 15-minute infusion 30 minutes
prior to cisplatin 40 mg/m2/day on days 1-5; 75% of patients had grade 2—4 ototoxicity, similar
to historical controls. The lack of activity in Marina et al.’s study may reflect the schedule of
amifostine and cisplatin administration, the higher total cisplatin dose, and the small sample
size, which only had 80% statistical power to detect a 35% reduction in ototoxicity (74% versus
39%), had all 25 patients been evaluable for ototoxicity. Given the very short half-life of
amifostine and its metabolite, WR1065, a single 15-minute infusion of amifostine, 30 minutes
before cisplatin infusion may not be optimal. In the current non-randomized study, amifostine
was given as a bolus over 1 minute, immediately prior to the cisplatin infusion and again 3
hours into the cisplatin infusion, based on evidence that WR1065 can reverse DNA platination
and that multiple daily dosing may improve cytoprotection.13 14.15

Katzenstein et al reported the results of an unplanned interim analysis of amifostine’s effect
on cisplatin-induced ototoxicity in a randomized trial of patients with hepatoblastoma. Patients
received cisplatin 100 mg/m?2 on day 1 with or without amifostine 740 mg/m?2 over 15 minutes,
prior to cisplatin. Analysis of 82 patients revealed significant hearing loss in 14% (5/37) of
patients receiving amifostine versus 9% (4/45) of controls (p=0.72 ). Younger age, different
dose, schedule and length of infusion of amifostine and cisplatin, may have contributed to the
lack of protection reported. Further studies are needed to delineate the importance of these
factors for amifostine-related protection against cisplatin-induced ototoxicity. However,
this abstract reports on only 82 randomized patients, approximately 33% of the planned sample
size. Futhermore, only 40% of the 203 eligible patients had sufficient data to be included in
the alnaIyS|s2
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Fisher et al. reported that 7 of 9 evaluable patients with newly diagnosed high risk and AR
medulloblastoma or primitive neuroectodermal tumor treated with radiotherapy, cisplatin-
based chemotherapy and amifostine, developed grade 2-3 hearing loss 1-3 years after
treatment.24 Amifostine, 1000 mg/m?2 was administered over 15 minutes prior to cisplatin and
4 hours into the 8 hour cisplatin infusion. However, study limitations include the small cohort,
the inclusion of average and high risk patients, who received significantly different doses of
CSlI, combining patients with posterior fossa and supratentorial disease types, and the
variability of the time points at which hearing was evaluated.

Amifostine was well-tolerated in the current study. Although mild to severe hypocalcemia has
been reported in the literature in up to 80% of patients, our supportive care guidelines
minimized the frequency and severity of hypocalcemia.

Long-term hearing deterioration after platinum therapy has been reported in the literature.%
43,44 \We have also reported late, often unilateral hearing loss as radiation-related ototoxicity
in up to 27% of patients after > 50Gy to the cochlea by the fifth year after radiotherapy,42 with
a lower but dose-related incidence after 3D-CRT irradiation as used in the current report.43 A
suggested dose threshold of 32 Gy in patients receiving chemotherapy was noted in the latter
setting. In a report of cisplatin-treated patients followed for a median of 20.6 months after
therapy, only those receiving CSI experienced mild progression of ototoxicity4. In contrast,
Bertolini et al reported continued deterioration of hearing in platinum-treated patients followed
for more than 2 years.44 To address the sustainability of amifostine’s protection against
cisplatin ototoxicity over time, we demonstrated a continued trend towards otoprotection by
amifostine at 2 and 3 years after initiation of therapy.

Amifostine did not confer tumor protection as evidenced by similar PFS in the control and
amifostine-treated patients. Although the median follow-up for the amifostine cohort was
shorter (3.4 years) than controls (7.6 years), median time to progression was comparable (2.7
years [controls] vs. 2.9 years [amifostine group]).

In summary, in patients with AR medulloblastoma treated prospectively with cisplatin-based,
dose-intense chemotherapy, twice-daily doses of amifostine, 600 mg/m?2/dose prior to and
during the cisplatin infusion significantly decreased the need for hearing aids.
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Table 1
Ototoxicity Grading Criteria
GRADE 1: 40 dB HL loss at 6000 and/or 8000 Hz
GRADE 2:* > 25 dB HL loss at 3000 and/or 4000 Hz
GRADE 3: > 25 dB HL loss at 2000 Hz
GRADE 4" > 40 dB HL loss at 2000 Hz

A loss is defined as a change from baseline at any one frequency

*
Patient requires hearing aids
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Patient Characteristics
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Patient Characteristics

SIMB96 - PF*RT — No
Amifostine (n=35)

SIMB96 - PF* RT
Amifostine (n=40)

SIJMBO03 - TBRT*
Amifostine (n=22)

AGE AT STUDY ENROLLMENT

Median 7.81
Min 3.18
Max 17.16
SEX [N (percent)]
F 16 (45.7)
M 19 (54.3)
RACE [N (percent)]
Asian 1(2.9)
Black 4(11.4)
Hispanic 5(14.3)
Other 0
White 25(71.4)
Received Four Courses of Cisplatin [N 31 (88.6)
(percent)]

Cumulative Dose of Cisplatin per m?

[Median (range)]
TOTAL

301.1 (76.7 — 308.9)
35

9.23
4.09
20.16

14 (35.0)
26 (65.0)

0
6 (15.0)
3(7.5)
4(10.0)

27 (67.5)

35 (87.5)

299.9 (79.0 — 306.0)
40

8.43
3.43
17.70

9 (40.9)
13 (59.1)

1(4.6)
2(9.1)
0
3(13.6)
16 (72.7)
19 (86.4)

299.6 (186.9 — 304.4)
22

#

PFRT = Posterior Fossa Irradiation, TBRT= Tumor Bed Irradiation
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Frequency of Grade 3 or 4 Ototoxicity by Amifostine Administration and Study Cohort

Table 3
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SIJMB96 PERT '— No Amifosting SJMB96 PERT '— Amifosting SJMBO03 TBRT |- Amifosting)
Grade 3 or 4 Ototoxicity 13 (37.1) 6 (15.0) 3(13.6)
No Grade 3 or4 Ototoxicity| 22 (62.9) 34 (85.0) 19 (86.4)
Total 35 40 22

7LPFRT = Posterior Fossa Irradiation, TBRT= Tumor Bed Irradiation
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Table 4
Grade 3 and 4 Adverse Events Occurring Within 2 Days of Amifostine Administration and Considered At Least
Possibly Attributable to Amifostine

Adverse Event No. of Occurrences (No. of Patients)T
Hypocalcemia 3(2)
Hypotension 2(2)
Nausea or Vomiting 11 (8)

7LRepor’(ed is the frequency observed in 62 patients receiving amifostine over 235 courses of treatment.
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