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Blood Stem Cell Rescue for Children With Recurrent Brain Tumors: A Pediatric
Blood and Marrow Transplant Consortium Study
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Background. High-dose chemotherapy with autologous stem cell
rescue (HDC/SCR) has produced responses and prolonged survival for
some children with recurrent brain tumors, but is associated with
considerable morbidity and mortality. A Phase | trial of two cycles
of HDC/SCR for recurrent brain tumors in children was performed to
determine the maximum tolerated doses for a novel regimen.
Procedures. Two cycles of HDC/SCR were given. Cycle 1 included
thiotepa and carmustine given on days —5, —4, and —3. Four to six
weeks later, patients received cycle 2 which included thiotepa and
carboplatin given on days —5, —4, and —3. Autologous peripheral
blood stem cells (PBSC) were infused on day 0 of each cycle. Results.
Thirty-two patients were treated and 25 patients received both cycles of
HDC/SCR. Common toxicities included mucositis, emesis, diarrhea,
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anorexia, and pancytopenia. Eightof 32 (25%) assessable children died
from regimen-related toxicity. Pulmonary failure occurred in seven
patients. Seven patients had grade 3—4 neurotoxicity. The 3-yearevent-
free survival (EFS) was 25%. Conclusions. We determined the maxi-
mum tolerated regimen to be thiotepa 600 mg/m? and carmustine
300 mg/m* followed by thiotepa 600 mg/m? and carboplatin
1,200 mg/m?. Pulmonary toxicity was considerable. The toxic death
rate was similar to other trials of HDC/SCR for children with recurrent
brain tumors performed during the same time period. The regimen
resulted in prolonged time to progression for a significant number of
patientsand long-termsurvivalfor some patients with recurrentmedul-
loblastoma and rhabdoid tumor. Pediatr Blood Cancer 2011;57:506—
513.  © 2010 Wiley-Liss, Inc.

INTRODUCTION

Brain tumors are the most common solid tumor of childhood. The
outcome of children with recurrent malignant brain tumors is dismal
[1]. High-dose chemotherapy followed by autologous peripheral
blood stem cell rescue (HDC/SCR) has been used for the treatment
of recurrent brain tumors. Several chemotherapy combinations have
been studied. While toxicities have been significant, this approach
has resulted in long-term survival with good quality of life for some
patients [2-7]. Patients with gross residual disease at the time of
HDC/SCR and those with metastatic disease are much more likely to
have disease progression despite this approach [8—13]. Radiation
therapy prior to HDC/SCR may also be associated with a worse
outcome [13—17]. There have also been several studies of 2—4 cycles
of HDC/SCR reported for children with high-risk newly diagnosed
brain tumors [18-20] or recurrent disease [6,21-23].

We report the results of a Phase I trial of tandem HDC/SCR for
recurrentbrain tumorsin children. The goal was toimprove outcomes
with less toxicity by using two cycles of HDC/SCR at reduced
intensity compared to a single cycle of HDC/SCR. The novel chemo-
therapy regimen used alkylating agents—thiotepa, carboplatin, and
carmustine—which have activity against brain tumors [3,10,24].
Dose escalation of thiotepa in both cycles and of carmustine was
planned. Table I compares the drug doses used for this study versus
those reported for a single HDC/SCR approach by the Children’s
Cancer Group (CCG) [10,24].

METHODS
Patient Eligibility

Patients were eligible if they had a progressive or recurrent brain
tumor including medulloblastoma (MB), ependymoma, high-grade
(III/IV) astrocytoma (HGA), primitive neuroectodermal tumor
(PNET), rhabdoid tumor, or pineoblastoma. Patients with brain stem
tumors and those who had previous HDC/SCR were not eligible.
Other eligibility criteria included: (1) age 1-21 years, (2) availability
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ofatleast4 x 10°CD34+ cells/kg of body weight available for SCR,
(3) creatinine clearance >50 ml/min/1.73 m> or serum creatinine
<2x upper limitof normal, (4) bilirubin <1.5 mg/dland SGPT <5 x
upper limit of normal, (5) FEV, FVC, and DLCO (corrected) >60%
of predicted (no dyspnea on exertion and oxygen saturation >95%
by pulse oximetry on room air if unable to perform spirometry),
(6) cardiac ejection fraction of >50% (by echo or MUGA),
(7) absolute neutrophil count >1,000/wl and platelet count
>100,000/pl, (8) performance score (Lansky or Karnofsky) of
>50, (9) no treatment (radiation or chemotherapy) within 3 weeks
of protocol therapy, excluding steroid therapy for increased intra-
cranial pressure. The study was approved by the Internal Review
Committee of the Pediatric Blood and Marrow Transplant
Consortium as well as by the Institutional Review Board of partic-
ipating institutions and informed consent was obtained from the
patient or guardian.
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TABLE 1. ComparisonofDrugDoses Between This Study and Prior
Children’s Cancer Group (CCG) HDC/SCR Studies

Current regimen (mg/m?)

CCG 9883 CCG 9922

(mg/m?  (mgm?)  Cycle 1 Cycle 2
Thiotepa 900 900 600 600-750
Etoposide 750 750
BCNU 600 300
Carboplatin 1,500 1,200-1,500

Patient Characteristics

Patient characteristics are presented in Table II. Thirty-three
patients were enrolled on the study. One patient developed progress-
ive disease prior to study therapy and no further information is
reported. The median patient age was 7 years (range 1.75-18).
The median time from diagnosis to progressive disease prior to
HDC was 21 months (range 3—120). The median time from progress-
ive disease to HDC was 3 months (range 1-10).

Eighteen patients had MB, 15 with a history of metastatic disease
within the CNS, including 10 with spinal drop metastases. Chang
staging for 17 patients for whom data are available were MO (3), M2
(5), M3 (10). Other tumors included HGA (7), ependymoma (3),
rhabdoid tumor (2), supratentorial PNET (1), and pineoblastoma (1).
Twenty-five patients had residual disease at the time of HDC/SCR.
Twelve patients had bulky tumor (defined as >1 cm in greatest
diameter) at the time of HDC/SCR, including seven patients with
MB.

Study Design

The study was a Phase I trial conducted by the Pediatric Blood and
Marrow Transplant Consortium. Patients were enrolled from 1995 to
2002. Patients had collection of PBSC prior to study entry. PBSC
containing >2 x 10° CD34+ cells/kg were infused on day 0 of each
cycle. The first HDC cycle included thiotepa IV over 3 hr followed
immediately by carmustine IV over 2 hr on days —5, —4, and —3.
Dexamethasone 4 mg/m? daily PO or IV was given on days —5, —4,
and —3 inan attempt to prevent pulmonary toxicity from BCNU. The
second HDC cycle included thiotepa IVover 3 hr followed immedi-
ately by carboplatinIVover2 hrondays —5, —4, and —3. For patients
with a creatinine clearance of <100 ml/min/1.73 m?, the dose of
carboplatin was calculated using a modified Calvert formula [25,26].
Thetarget AUC used was 7and 5.5 mg min/ml for the corresponding
doses of 500 and 400 mg/m?, respectively. The lower of the dose
calculated by per m? dosing or by the modified Calvert formula was
used.

Cycle 2 commenced between 28 and 42 days after the PBSC
infusion of cycle 1 if: (1) ANC was >500/pl and platelets were
>20,000/pl (could be with transfusion support); (2) non-hemato-
poietic toxicity has resolved sufficiently; (3) study eligibility criteria
for renal, hepatic, and pulmonary function were met at this time.
Local radiotherapy was allowed after the second PBSC cycle when
the platelet count reached 50,000/p.L.

Dose Escalation and Maximum Tolerable Regimen
(MTR)

Dose escalation was planned as shown in Table I11. Patients were
treated in cohorts of three. Toxicity was graded according to the
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Children’s Cancer Group Toxicity scale. If none of three patients had
dose-limiting toxicity (DLT), subsequent patients were enrolled at
the next dose level. If one out of three had DLT, then an additional
three patients were enrolled at the same dose level. If two patients ata
dose level had DLT, then that level was deemed unacceptable and an
additional three patients were treated at the previouslevel. If <2 outof
6 patients had DLT, the dose level was considered tolerable. DLT was
defined as: (1) severe organ dysfunction according to Bearman
criteria [27] lasting >7 days, or; (2) death attributable to regimen-
related toxicity occurring before day 28 following SCR (day 100 for
non-infectious pulmonary toxicity). Patients were considered not
assessable for determination of the MTR and were replaced if they
received only one HDC/SCR and did not have DLT.

When the protocol was amended to allow the enrollment of an
additional six patients at the MTR in order to better define the
pulmonary toxicity at this level and to modify the steroid dosing
during the conditioning regimen, the following rule was added. For
the six additional patients, if two experience DLT, the study will be
closed and the previous MTR without the minor modification will be
deemed the acceptable approach.

Clinical Monitoring and Intervention for Lung Disease

Because of pulmonary toxicity associated with high-dose car-
mustine, patients were monitored with handheld spirometry daily
and pulse oximetry weekly starting with cycle 1 and continuing for
4 weeks following cycle 2. A decrease in spirometry volume by
>10% or oxygen saturation (by >3% and/or to <95%) was followed
by pulmonary function testingif the patient could comply. Significant
decreases in lung volumes or diffusion capacity were treated with
prednisone 1-2 mg/kg/day, which could be tapered over 2 months (as
tolerated) following improvement.

Statistical Analysis

Overall and event-free survival was calculated from the day of
SCR after the first HDC cycle. The survivor function was estimated
by the method of Kaplan and Meier [28]. Survival curves were created
using the program R (R Development Core Team, Vienna, Austria).

RESULTS
Therapy

Seven patients received only one cycle of HDC/SCR because of
severe toxicity (1), toxic death (3), disease progression (1), and
parental request without severe toxicity (2). Two patients received
RT for residual disease after HDC/SCR (one craniospinal and one
local RT) as allowed by the protocol. Two patients received temo-
zolomide after recovery from HDC/SCR because of bulky residual
disease.

Toxicity

Common toxicities included mucositis, emesis, diarrhea, ano-
rexia, and pancytopenia. Mucositis was usually mild to moderate; 5/
32 patients had grade 3—4 mucositis. Mucositis was usually more
severe after the second cycle. Emesis and diarrhea were usually mild
to moderate; 2/32 patients had grade 3—4 diarrhea and 1 patient had
grade 4 emesis. Anorexia frequently required parenteral nutrition.
Twelve bacterial infections occurred in nine patients, including



Gilman et al.

508

-y31y ‘yYDOH ‘ewIojnnu ewolse[qol3 ‘NgD ‘ewowipuade ‘puady ‘ewolse[qo[npauwt ‘g

‘Kderoy) Kpnys 01 Jouid parp pue aseasip dAIssaigold pey (9[qe) ay) ul papnjoul Jou) 97 Ul “| A[0Ad AJUO PIAIDIY,
WO < IIWEIP [BWIXBW YIIM JOUIN) SE PAUyaP 3se3sIP Y[ng, “1opud3 pue Aderay [000101d Jo1ueIs 18 33y, "(S[IRISP 10J UONOAG SINSIY UL UONIIIS UONB[EISH SSO(] 335) 4 PUB T S)UaNed 10§1daoxa 111 sB
PAIOPISUOD AIOM UWIN[OD , SNBISIUALINY),, AU} Jopun _ [IBIP OIXO,,, SB PaIsI| sjuanied [[y "sossewl [enpisal a3re] pey A9y} 9snedaq Y DS/DAH 193Je U00s [090101d JJO OPIWO[0ZOW) )M PAIBAI) AIIM | € pUe
0¢ s1uane  ooo301d ayyaad se Ade1oyio1peI Y DS/DAH-1S0d POAISdI / | PUE  SJUSTIE] "9SBASIPJO PBAP ‘O {[[oM PUB AT ‘A 29V ‘UoIssTIdI [enTed Y tuorssruara)a[dwos ) tAderoy) uonerpe1eoo]
‘1Y 1 ‘Adeoyy uonerpel feurdsoruelo {1y SO ‘Aderoyowrayd ¢ ¢A193Ins ‘S Lrown) [eWIapo)o0inau danTwid [eriojuaieldns ‘NS ‘ewolse[qoauld ‘0duld {Iown) plopqeyl ‘qeyy {ewolA0I)se 9peId

cuorssargord 0y own ‘g 1L, {Aderoypowayo asop-ysiy ‘O H ‘stsouderp ‘X ‘roynuoprt juened anbrun ‘Ndn

MNPV ‘Syiuowl +4¢ — — [4: O IEEELIN SOA — 01 14 T1/SOD 6 O°sS 0 dN diy €
Syjuow G')—Yyieap oIXo],  — — wdd — — — 4 0 1€ IdVSOD'S 0 aN /21 43
dod ‘syuout 97 81 SaX ad — SaK — 4 O°S 001 JdTSOD'S 0 dN  IN/CI |53
aod ‘syuow ¢ 14 SOA cdd  SPA SO — 9 9) ¥S I 1/SO DS 0 aN d/8 0¢
aod ‘syiuouwr /g 81 — ad seA SOK — I — € I4T1DS 0 aN  d/E 6C
syjuowl [—Yjedp X0, — SOk cad SR SOX — 12 o) 9T IdTSOD'S 0 aN  d/L 8T
aod ‘syiuouwt 9| S — cd — — — C JIT1D°S Cl O°S 0 NGO N/8I LT
aod ‘syuowr Of 6 SOA cdd — - — L IdTD'S 9¢ S 0 VOH /¢ sc
aod ‘syuow 6 9 — cdd  sPA SOA — 9 8] 11 J4TSOD'S 0 dN Y ¢
aod ‘syuow g¢ g — cdd — - < S (0] I4T1°S 0 VOH  d/9 el
MNPV ‘Syiuowt +6 — — dd  SeR SO — ¥ 0 1 J4T1D°S 0 dN IN/OI cl
aod ‘sypuowt i I SO cdd — SeK - I - 4 IdTSOD'S 0 dN Y 8!
MPV ‘squont +001 — — cdd — SOA — € 81 JdTSOD'S 0 qeuy  N/CIH oI
dod ‘syjuouwr g| 4 Sak ad — SaK — S J°S 99 I4T1°S ®C WD  d/g €T
MNPV ‘syiuowl +¢g — — o — SOA — [4 O°S 0cl J4TSO'S ®C dN d/L (44
syjuowr ¢*)—Yleap JIX0], — — [32< (O B — - - ¥ J°S 144 JdTSOD'S ®  1dNdS WN/OI Ic
aod ‘syuow g| Cl — cdd — — — 9 O°S L1 JdT1°S ®C puadg /9 0¢
aod ‘syuow g 1% - cdd 4SO + EEIN — ¥ 0) 6l IdTSOD'S we dN d/9 6l
MBV +L8 123 SA cd — SOA [4 I 1D 14! DS ®C dN Y 81
MNPV ‘squowr +06 — SOA cdd  — — Ld 1 6 0) al J ® qeuqy J/6°1 Ll
aod ‘syuow g¢ €C SOA cdd — — — VIN O°S VIN LA TOD'S BC NGO /I 91
aod ‘sypuow ¢ (¢ - cdd  SPA SO — 01 I 1D 8¢ 41D ¢ oduld  d4/9 Sl
sypuour ¢*(—1eap JIXO], — — oid — — — 9 14 T1/SOD 0¢ DS ®C dN d/9 4!
aod ‘syuowt ¢z €l - o — — — € 0) Ll IdTSOD'S I dN J/11 6
SyuowW G*()—YJeap OIXO, — SX cdd  seA — — L o) 6 J°S I dN /€ 8
Syiuow g—1Jedp AIX0,  — — D — — € S 179 J4T1D°S I VDOH /81 L
aod ‘syuout ¢ 8 — cdd  SPA SOA L4 1/SO 1 - S O°S I dN d/SL°T 9
aod ‘syjuowr 8¢ 9% - cd — — — € J°S 6 J4T1D'S LI WD  dml S
syuow G'T—1Jeap OIXO], — SX €dd ek SOA — ¥ 41D 1c JIT1O°S L1 puedy /8 ¥
aod ‘sypuow 9y g Sak cad SR Sak — 12 ) S¢S IdTSOD'S 1 aN /P €
syqiuowt ¢*[—Y1eap JIXO[, — — €dd  — — — 9 S 144 IATS L1 puadg  A/9 4
MPV ‘Suowt +¢¢7 - - [42: O BEEDN — — S 0) 6 T4 T/SO S 1 g IN/OL 1
snjels (yuour) DAH DAH  [euds (emeioenup D H Jeye (yuow) DAY — uorssarSoid (yyuowr) X Je [9A9] oseasIq XS NdN

juaLIn)) dLL Je OSeasIp  JB snyels juounjean) o) uorssargord jejuouneal], uoissaIgord o) JuoueaAI], asoq /(ST89K)

Jng  eseasiq SOSBISLIOIA [0903014 wolj duil, X(J WoIJ dwiL], 8V

AWOdINQ PUE “JUIUBALY, ‘SINSLId)IRIRY) Judned II A TIVL

Pediatr Blood Cancer DOI 10.1002/pbc



TABLE III. Dose Escalation Schema

Dose level First cycle Second cycle

Level 0 Thiotepa 600 mg/m> Thiotepa 600 mg/m?
BCNU 300 mg/m?> Carboplatin 1,200 mg/m>

Level 1 Thiotepa 600 mg/m? Thiotepa 600 mg/m>
BCNU 300 mg/m? Carboplatin 1,500 mg/m>

Level 2a Thiotepa 600 mg/m> Thiotepa 750 mg/m”
BCNU 300 mg/m? Carboplatin 1,200 mg/m?

Level 3a Thiotepa 750 mg/m> Thiotepa 750 mg/m>
BCNU 300 mg/m? Carboplatin 1,200 mg/m?

Level 4a Thiotepa 750 mg/m> Thiotepa 750 mg/m>

BCNU 450 mg/m>

Carboplatin 1,200 mg/m?

Tandem High-Dose Chemotherapy for CNS Tumors

The dose escalated at each level is shown in bold. The original dose of
carboplatin for levels 2—4 was 1,500 mg/mz, However, because of dose-
limiting toxicity at level 1 (see text), the dose of carboplatin was
decreased when therapy was de-escalated to dose level 0. The dose of
carboplatin remained at 1,200 mg/m? for the amended dose levels 2—4.

bacteremia (8 gram positive and 3 gram negative) and one catheter-
related Pseudomonas cellulitis.

Grade 3-5 toxicities and grade 2 pulmonary toxicity treated with
steroids are shown in Table I'V. No patient had non-fatal severe organ
dysfunction lasting >7 days. Eight patients (25%) had regimen-
related deaths. The cause of death was pulmonary failure (n = 4,
including two with pulmonary hypertension), pulmonary and renal
failure (n = 2),renal failure (n = 1), and severe hepatic veno-occlu-
sive disease (VOD) with multi-organ failure (MOF) (n = 1). Fatal
pulmonary toxicity was more common at dose level 1, occurring in4/
9 patients at this level compared to 2/23 patients at the other dose
levels. Non-fatal pulmonary toxicity occurred in eight patients. Four
patients had restrictive lung disease without an oxygen requirement
and four patients required oxygen. One episode was associated with
cytomegalovirusreactivation and one episode that occurred S months
after HDC/SCR was associated with Prneumocystis jirovecii after
craniospinal RT. The non-infectious cases resolved with steroid
therapy. Three patients who required steroids for pulmonary toxicity
aftercycle 1, tolerated cycle 2 and did well long-term. Seven subjects
had grade 3—4 neurotoxicity, one with concomitant VOD. Severe
neurological toxicity included coma (2), seizures (3), ataxia (1), and
weakness/lethargy (1). Three patients with pre-existing sensorineu-
ral hearing loss (SNHL) had worsening SNHL after HDC/SCR.

TABLE IV. Severe Toxicities by Dose Level
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Dose Escalation

Two of six assessable patients at dose level 1 had DLT. Both had
MOF, one with VOD. Three additional patients treated at dose level 1
were considered not assessable for the purpose of determining the
MTR. One patientreceived only the first HDC/SCR cycle per parental
request. Two patients had very complicated histories and clinical
courses that confounded the role of HDC in their deaths. One patient
died due to aspiration pneumonia and with refractory seizures pre-
sumed to be due to afamilial seizure disorder thathad also claimed the
life of his sister. The second patient had pulmonary failure associated
with aspiration 3 weeks following cycle 1 after esophageal dilatation
for a chronic stricture.

The dose level was de-escalated to level O by reducing the
carboplatin dose in cycle 2. As the fatal pulmonary toxicities seen
at dose level 1 occurred soon after course 2 chemotherapy, we
attributed them to the intensity of cycle 2 therapy and not to the
nitrosourea. We therefore kept the nitrosourea dose the same in dose
level O as in dose level 1. After 3/3 assessable patients tolerated dose
level 0, the dose level was then escalated to dose level 2a (modifi-
cation of the original dose level 2 using the reduced carboplatin dose
of level 0 with an increase in the thiotepa dose during cycle 2). Only
one of three assessable patients treated at dose level 2ahad DLT, so an
additional three patients were enrolled. Because of previous experi-
ence with some patients not being assessable, two additional patients
were enrolled in anticipation of the need for replacement patients.
When two of the first six had DLT (one VOD with MOF and one
pulmonary failure), dose level 2a was deemed unacceptable. The
additional two patients did not have DLT.

Dose level 0 was further evaluated with the enrollment of an
additional three patients according to the study design. None of the
firstsix patients atdose level 0had DLT. Because 2/6 patients had non-
fatal pulmonary toxicity requiring steroid therapy, an additional six
patients were enrolled at dose level O to better define the risk of
pulmonary toxicity. In addition, steroid therapy during carmustine
administration was increased from dexamethasone 4 mg/m? daily on
day —5 to day —3 to 4 mg/m? twice daily on day —5 to day —1 for
these patients in an attempt to prevent pulmonary toxicity. Despite
this change, two of these six children had DLT (one MOF and one
pulmonary failure). Both patients with DLT had Pseudomonas infec-
tions; one episode was between cycles 1 and 2 and the other followed
cycle 2. Itis possible that the additional steroid therapy contributed to

Dose

level Pulmonary Hepatic Renal Neurological MOF Infection Mucositis GI Skin

0 5/13 0/13 1/13 3/13 0/13 7/13 3/13 2/13 0/13
(1Gr2,3Gr3, (1Gr)) 2Gr3,1Gr4) (5Gr3, 2Gr3, (1Gr3,

1Gr5) 2Gr4) 1Gré4) 1Gr4)

1 5/9 1/9 1/9 2/9 2/9 2/9 2/9 0/9 1/9
(1Gr3,4Grb5) (1 Gr 3) (1 Gr4) (1Gr3,1Gr4) (2 Gr 3) (2 Gr3) (1 Gr4)

2a 4/10 1/10 1/10 2/10 2/10 1/10 0/10 1/10 1/10
(1Gr2,1Gr3, (1Gr5) (1Gr4) (1Gr3,1Gr4) (1Gr3) (1Gr4) (1Gr3)
1Gr4,1Gr))

MOF, multi-organ failure; GI, gastrointestinal. Severe toxicities include grade 3-5 toxicities and grade 2 pulmonary toxicities requiring steroid
therapy; grade 5 toxicity is fatal. Multi-organ failure includes patients in whom the primary cause of death was hepatic (i.e., veno-occlusive disease) or
pulmonary failure. Two of the four fatal pulmonary toxicities at dose level 1 were judged to not be related to study therapy (see text).
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the toxic deaths by causing increased immunosuppression. Overall,
2/12 assessable patients treated at dose level 0 had DLT and the toxic
death rate was 17%.

Patient Outcome

Thirty-two patientsreceived protocol therapy. Although the study
was a Phase I study to determine an acceptable treatment regimen,
long-term outcome data are available. Seven children remain alive
and without disease, including 5/18 with MB (135, 92, 87, 83, and
54 months after HDC/SCR) and both patients with rhabdoid tumors
(100 and 90 months after HDC/SCR). All five surviving patients with
MB had metastatic disease prior to HDC/SCR, including three with
spinal leptomeningeal disease. All of them had received RT prior to
HDC/SCR—craniospinal (two at diagnosis and one at disease pro-
gression) or local (one at diagnosis and one at disease progression).
Only one of them had bulk disease at the time of HDC. This patient is
alive and well 87 months after HDC, despite progressive disease
34 months after HDC. The patient had resection of a large drop
metastasis that confirmed relapsed MB. Following surgery, the
patient was treated with chemotherapy and local radiotherapy.
Eighteen patients had progressive disease at a median of 12 months
after HDC/SCR (range 1-48).

Progression-free and overall survival curves are shown in
Figure 1. The Kaplan—Meier estimates of EFS and overall survival
at3yearsforall patients are 25% (95% CI 14-46%) and 38% (95% CI
24-59%). The Kaplan—Meier estimates of EFS and overall survival at
3 years for patients with MB are 28% (95% CI 13-58%) and 44%
(95% CI 26-74%).

DISCUSSION

HDC/SCR has been shown to be beneficial for some patients with
recurrent brain tumors, with 3-year EFS of ~30% in some reports [2].
We conducted a Phase I trial of tandem cycles of HDC. The intensity
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with medulloblastoma.
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of each myeloablative cycle was reduced to avoid excessive cumu-
lative organ toxicity. The first cycle was intended to be cytoreductive,
allowing the second cycle tobedelivered atatime of minimal residual
disease. Another unique feature of the regimen is that alkylating
agents were given on the same days rather than on sequential days as
in previous trials of HDC/SCR. The hypothesis was that efficacy
would be increased by achieving higher peak alkylator levels and
toxicity would be decreased (especially mucositis) due to the shorter
duration of exposure. A dose-escalation study design was used to
determine doses with acceptable acute and cumulative toxicities.

The use of two cycles of thiotepa allowed the total thiotepa dose to
be escalated from 900 mg/m? as previously reported with HDC/SCR
for brain tumors [8] to 1,200 mg/m2. However, carboplatin dosing
had to be reduced compared to that previously reported [10]. The
incidence of pulmonary toxicity was higher than expected for car-
mustine at the dose given [29]. The latter two findings may have been
related to giving the alkylating agents on the same day.

The tandem HDC/SCR therapy was associated with considerable
toxicity. Pulmonary toxicity was a major limitation of this therapy,
occurring in 44% of patients. It should be noted that our assessment
for pulmonary toxicity is intentionally very inclusive and includes
patients with aspiration pneumonia, infections, and post-infectious
complications that likely were not directly due to the specific chemo-
therapy used. A similar 45% incidence of pulmonary toxicity was
reported foramyeloablative regimen containing carmustine 600 mg/
m?, thiotepa, and etoposide for children with newly diagnosed HGA
[24]. In our study, pulmonary toxicity occurred at all dose levels, but
was most severe at dose level 1. There was only 1 fatal pulmonary
toxicity outof 13 patients atthe MTR (dose level 0) and this was due to
pulmonary hypertension following Pseudomonas sepsis. An associ-
ation between either gender or prior craniospinal irradiation and
nitrosourea-related pulmonary toxicity has been previously
described. We found no statistical association between pulmonary
toxicity and either gender (P = 1) or prior spinal irradiation
(P =0.5).

Survival probability
050
1

a 1 2 3 4 5 6 7 8 9 10 1 12

Timeinyears

A: Event-free survival (- - -) and overall survival (___)from the day of SCR after the first HDC cycle for all 32 patients and (B) for 18 patients



Neurotoxicity occurred in 22% of patients and was similar at all
dose levels. Neurotoxicity has been reported at similar frequencies
with other regimens for brain tumors—30% with busulfan and
thiotepa [30] and 22% with etoposide, thiotepa, and carboplatin
[10]. Grade 3—4 hepatotoxicity occurred in 6% of patients, which
compares favorably to 25% reported with busulfan and thiotepa [9]
and 56% reported with etoposide, thiotepa, and carboplatin [10].
Severe renal toxicity occurred in 6% patients, similar to that reported
with etoposide, thiotepa, and carboplatin [ 10]. Mucositis and gastro-
intestinal toxicity were less common than reported with other regi-
mens for recurrent brain tumors [10,11]. This finding supports our
hypothesis that fewer days of chemotherapy administration would
reduce mucosal toxicity.

Three patients had worsening SNHL after HDC/SCR. All had
medullobastoma, had received craniospinal irradiation with
posterior fossa boost, and had SNHL prior to HDC/SCR. The
relationship to prior therapy has been reported with other high-dose
carboplatin regimens [21].

Our tandem HDC/SCR regimen resulted in similar toxicities to a
single cycle of etoposide, thiotepa, and carboplatin [3,10]. Possible
advantages of the tandem regimen include less severe mucositis
and less grade 3—4 hepatic toxicity. Unfortunately, the toxic death
rate of 25% in our Phase I trial was similar to Phase II trials using
one cycle of HDC which reported rates of 11-22% [10,12,18,31].
It should be noted that the toxic death rate in our study was 17% at
the MTR and 0% for the six patients treated at the MTR without
the additional steroid therapy (as discussed above). More recent
studies have demonstrated toxic mortality rates declining to below
10% [32]. We would point out that our study was conducted
between 1995 and 2002. As such we would attribute the discrepancy
between the toxic death rates in contemporary studies and in ours
to ongoing improvements in supportive care for such heavily pre-
treated patients. Also, the toxic death rate in our Phase [ study and the
toxic death rates from Phase II studies are difficult to compare
because there are likely significant differences in the disease status
and prior therapy between patients treated on these different types of
studies.

A preliminary assessment of efficacy is possible although it must
be noted that this is in the context of a Phase I trial that was not
designed to look at efficacy. The 3-year actuarial event—free survival
(EFS) for patients with MB was 28% (5/18). All five surviving
patients with MB had metastatic disease prior to HDC/SCR, includ-
ing three with spinal leptomeningeal disease. All of them had
received RT prior to HDC/SCR—craniospinal (two at diagnosis
and one at disease progression) or local (one at diagnosis and one
at disease progression). Of course, the RT at disease progression
could have contributed to the long-term disease control. Efficacy of
our approach is also suggested by the prolonged progression-free
interval experienced by a significant number of patients. In addition
to the long-term survivors, 36% of patients had progression-free
intervals of at least 1 year after SCR including 5/13 patients with
MB (13,18, 18, 18,48 months), 3/6 with glioblastoma multiforme or
HGA (12, 23, and 43 months), and 1/3 with ependymoma (12
months). Of note, only two of these patients received additional
therapy during the progression-free interval. One patient received
craniospinal RT with a local boost for residual disease as allowed per
protocol. The other patient received temozolomide for residual bulky
disease.

The discussion of efficacy is very complicated based on numerous
factors. This study was one of the few Phase I dose escalation trials
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performed for HDC/SCR in children. Most studies have used fixed
doses of chemotherapy for pilot or Phase Il studies. Because our study
was a Phase I trial of a novel chemotherapy regimen, we had an
extremely high-risk cohort of patients. For example, 15/18 MB
patients had metastatic disease and 7/18 had bulk disease at the time
of transplant. Also, of the five long-term survivors with MB, three did
not have biopsy of recurrent disease or neurological symptoms at the
time of recurrence. These three patients had recurrence at 9, 14, and
21 months after diagnosis. Itis possible that some of the radiographic
relapses represented imaging changes rather than disease. Of note,
Dunkel et al. [15] did not find a statistically significant difference in
EFS for patients with MRI evidence of recurrent MB versus those
with tissue confirmation of recurrence. Interestingly, our results are
remarkably similar to those of Dunkel for patients with recurrent MB
[10,15].

Thirteen of 18 patients with MB had received radiotherapy as part
of their initial treatment. Three of 13 (23%) previously irradiated
patients and 2/5 (40%) non-irradiated patients survive. It should be
noted that some studies have demonstrated similar survival rates in
previously irradiated patients [13,15], whereas others have reported
dismal results in such patients [16,17,33].

Tandem HDC/SCR did not overcome the impact of bulk disease.
At dose level 0, the maximum tolerated regimen, disease-free sur-
vival is 3/5 patients without bulk disease compared to 0/4 with bulk
disease at the time of HDC. Bulk disease has been correlated with
poor outcome in most HDC/SCR studies [32].

Metastatic disease at HDC/SCR for patients with MB is
another poor prognostic factor. In a study of etoposide, thiotepa,
and carboplatin for recurrent MB, the 3-year EFS was 26% for
patients with M1" disease and 60% for patients with MO disease
[10]. Similarly, a report of melphalan and cyclophosphamide for
recurrent MB had 4/4 patients surviving after HDC/SCR for patients
with relapse isolated to the posterior fossa, but 0/14 survivors with
M2 disease [11].Inourstudy, 5/15 (33%) patients with M2 disease
remain alive with follow-up of 54—135 months.

The two long-term survivors with rhabdoid tumors are note-
worthy in light of the very poor prognosis for such patients.
One patient had intracranial metastases at the time of progression
and had received craniospinal RT at initial diagnosis. The
other patient had bulky disease at the primary site at the time of
HDC. This patient received only local RT after HDC/SCR because
of young age. Finally, despite prolonged time to progression in
three patients with glioblastoma multiforme, the long-term
survival for patients with HGA and other histologies was poor.
This is similar to the experience for these tumors reported with other
HDC regimens, although there is some suggestion of benefit in some
reports.

In conclusion, we determined the maximum tolerated regimen for
tandem HDC/SCR with carmustine and thiotepa for the firstcycle and
thiotepa and carboplatin for the second cycle. Although mucositis
and hepatotoxicity were less common and less severe compared to
reports of single cycle HDC/SCR, pulmonary toxicity was consider-
able and the toxic death rate was not improved compared to that of a
single cycle of HDC/SCR in patients with recurrent disease per-
formed during the same time period. If a Phase II study with chemo-
therapy at the MTR is performed in the future, it will be important to
closely monitor pulmonary toxicity and to have appropriate stopping
rules for toxicity. The tandem regimen appears to have significant
activity against brain tumors, particularly medulloblastomas and
rhabdoid tumors.
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