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This phase II study in recurrent high-grade glioma evalu-
ated the response rate, toxicities, and time to treatment
failure of high-dose carboplatin modulated by a 24-h
infusion of thymidine (75 g/m?). The trial was based on
preclinical data and a prior phase I study (J. Clin. Oncol.
17, 2922-2931, 1999); a phase II recurrent high-grade
glioma study was initiated in July of 1998. Thymidine
was given over 24 h; carboplatin was given over 20 min
at hour 20 of the thymidine infusion. The starting dose of
carboplatin had a value of 7 for the area under the curve
(AUC), with allowance for dose escalation of 1 AUC unit
per cycle if grade 2 toxicity was observed. Treatment
cycles were repeated every 4 weeks. Accrual as of Sep-
tember 1999 was 45 patients [4 were unevaluable]: 76%
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with glioblastoma multiforme (GBM), 20% with
anaplastic oligodendroglioma, 2% with mixed type, and
2% with anaplastic astrocytoma. Most patients had prior
chemotherapy (78%). As observed in the earlier phase I
study (in which carboplatin pharmacokinetics were unal-
tered by thymidine or antiseizure medications), thymi-
dine was myeloprotective, resulting in a minimal need for
dose reduction for patients having a >2 grade toxicity (in
only 4% of the courses of treatment). Of 101 total
courses, the number of courses (at the AUCs) was 3 (5),
4 (6), 58 (7), 20 (8), 11 (9), and 5 (10). Grade 3 non-
hematologic toxicities included headache (4%), altered
consciousness (3%), fatigue (1%), and nausea (3%).
Responses included 2 partial (1 oligodendroglioma,
1 GBM; 5%); 3 minor (1 anaplastic astrocytoma,
2 GBM; 7.3%); 6 stable disease (14.6%); and 30 pro-
gressive disease (73.2%). For GBM patients, median sur-
vival was 23 weeks (with a 95% confidence interval of 20
to 50 weeks), and progression-free survival was 8 weeks
(with a 95% confidence interval of 7-16 weeks). These
results in GBM were comparable to other phase I GBM
trials and thus do not represent a therapeutic advance in
the treatment of GBM. Taken collectively, however,
results are consistent with continued investigation of
thymidine in combination with chemotherapeutic agents
for high-grade glioma and other malignant diseases. The
significant myeloprotection afforded by thymidine may
have particular relevance to polychemotherapeutic regi-
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( :urrently, the overall survival of recurrent malig-
nant glioma is in the order of 4 to 6 months (Korn-
blith and Walker, 1988). Most salvage therapies

produce limited benefit without a clear survival advan-
tage. Standard salvage therapies include various
chemotherapeutic agents, repeat resection, and radiother-
apeutic interventions such as radiosurgery or interstitial
implantation.

Thymidine is a naturally occurring nucleoside that
preferentially kills neoplastic cells in vitro and induces
regression in a wide variety of tumor xenografts including
malignant gliomas (Cohen et al., 1989, 1990). Prolonged
infusions of thymidine produce responses in heavily pre-
treated patients, but are associated with considerable
myelotoxicity (Kufe et al., 1980a, 1980b; O’Dwyer et al.,
1987). Shorter infusions (e.g., 24 h) maintain antineo-
plastic activity preclinically and are free of myelosuppres-
sion (Cohen et al., 1989, 1990).

Mechanistically, thymidine undergoes intracellular
triphosphorylation. The triphosphate modulates ribonu-
cleotide reductase, resulting in deoxycytidine starvation,
an increase in deoxyguanosine triphosphate, and inhibi-
tion of poly(ADP-ribose) polymerase (a key repair
enzyme), which results in cessation of DNA synthesis,
inhibition of repair of DNA damage, and cell death
(O’Dwyer et al., 1987). Inhibition of poly(ADP-ribose)
polymerase allows considerable enhancement (2.5- to
3-fold) of the antineoplastic activity of carboplatin in var-
ious cell lines, including malignant gliomas (Cohen et al.,
1989, 1990). In this regard, thymidine-carboplatin inter-
action increases with longer thymidine exposures up to
16 h and then plateaus. For doses of thymidine between
100 and 1000 pg/ml or 60 and 240 g thymidine/m?, this
sensitization effect is constant (Cohen et al., 1989, 1990).

In our prior phase I study (Robins et al., 1999), evalu-
ating an infusion of thymidine alone (75 g/m” per 24 h) or
with escalating carboplatin (from 200 to 570 mg/m” i.v.
at hour 20), the thymidine pharmacokinetics observed
were consistent with the literature. Significantly, thymi-
dine did not affect the pharmacokinetics of carboplatin.
Several patients, including 6 with recurrent high-grade
malignant glioma, were treated, and the maximum toler-
ated dose was 480 mg/m”. Two of these glioma patients
entered remission (1 partial; 1 complete); 1 patient had
stable disease (7 months).

A corollary finding in this phase I study related to the
observation that thymidine protected against carbo-
platin myelotoxicity (Robins et al., 1999). This clinical
finding was predicted by preclinical modeling (Cohen
and Robins, 1990). Several possible mechanisms could
explain this observation. Thymidine is widely used to
synchronize cells in S phase, with little cell death. Thymi-
dine-induced synchronization also occurs in vivo for
human hematopoietic progenitor cells (Blumenreich et
al., 1984; Fox, 1989; Kufe et al., 1980a, 1980b). Be-
cause carboplatin has little cell cycle specificity, such syn-
chronization would not enhance its myelotoxicity.
However, the cessation of replication of progenitor
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hematopoietic cells by synchronization might allow
additional time for repair of carboplatin-DNA adducts,
resulting in relative myeloprotection.

Based on the aforementioned preclinical data and
phase I study (Robins et al., 1999), as well as earlier stud-
ies demonstrating modest activity for carboplatin in high-
grade gliomas (Poisson et al., 1991; Prados et al., 1996;
Warnick et al., 1994; Yung et al., 1991), a phase II recur-
rent high-grade glioma study was initiated in July 1998
(Robins et al., 2000). This report summarizes the results
of the phase II trial.

Patients and Methods
Eligibility

To be eligible for this protocol, patients were required to
have histologically proven (with central pathology
review) supratentorial malignant primary gliomas. These
included GBM,’ anaplastic astrocytoma, anaplastic
oligodendroglioma, anaplastic mixed oligoastrocytoma,
or malignant astrocytoma (not otherwise specified).
Patients had to show unequivocal evidence for tumor
recurrence or progression by MRI or CT scan performed
within 21 days prior to registration. The prestudy scan
was required to have 225% increase in the bidimensional
size of the tumor. Patients with only evaluable disease
(e.g., unidimensionally measurable lesions, or masses
with margins not clearly defined) were not eligible for
study. Those who had undergone recent resection for
progressive tumor were eligible as long as there was resid-
ual evaluable disease that was documented by appropri-
ate neuro-imagining, and they must have recovered from
the effects of surgery. Postoperative scans were done
either within 48 to 72 h of surgery or at least 3 weeks
postoperatively. Patients were required to have failed
prior radiation therapy and they were allowed no more
than 2 prior chemotherapy regimens. They could not
have received prior thymidine or platinum agents. All
patients signed an informed consent (approved by the
Institutional Review Board) indicating that they were
aware of the investigational nature of this study. Patients
had to be 216 years old and have a life expectancy
>8 weeks and were required to have a Karnofsky per-
formance status of 260. Patients must have recovered
from the side effects of prior therapy and/or be at least
2 weeks from vincristine, 6 weeks from nitrosoureas,
3 weeks from procarbazine and 0 weeks from noncyto-
toxic agent administration (for example, interferon,
tamoxifen, etc.). They were required to have adequate
bone marrow function (white blood cell count 23000/pl,
absolute neutrophil count >2000/mm?, platelet count
of >120,000/mm”>, and hemoglobin >10 g%), liver func-
tion (serum glutamic oxaloacetic transaminase [SGOT]
and bilirubin <2 times the upper limit of normal), and
renal function (creatinine <1.5 mg/dl and creatinine clear-
ance 260 cc/min) within 14 days before registration. Eli-
gibility level for hemoglobin could be reached by
transfusion. Patients were not on steroids or were on a
stable dose for at least 7 days before registration. A stable
dose of steroids was defined <50% change. All patients
were required to have a prestudy contrast MRI or CT



scan of the brain within 21 days before registration on a
stable steroid dose. If steroids were instituted or the dose
changed since the scan was done, the scan had to be
repeated before registration. The same types of scans—
MRI or CT—were used throughout the period of proto-
col treatment for tumor measurement. Patients with
significant cardiac risk factors or gastrointestinal risk fac-
tors, such as active ulcerative colitis in the past 6 months,
were ineligible. Patients with a history of any other can-
cer (except nonmelanoma skin cancer or carcinoma in
situ of the cervix), unless in complete remission and off
all therapy for that disease for a minimum of 3 years,
were ineligible. Other ineligibility parameters included
active infection, pregnancy, disease that would obscure
toxicity or dangerously alter drug metabolism, or serious
intercurrent medical illness.

A complete history and physical/neurological exami-
nation, as well as documentation of evaluable disease,
was performed on all patients.

Treatment

Starting dosage and schedule. Thymidine was given
75 g/m* i.v. over 24 h. (as a fixed dose) and carboplatin at
an AUC of 7 mg/ml X min. Dose calculations were made
with the Bristol Laboratories Calvert formula AUC dose
calculator (based on the creatinine clearance) (Princeton,
N.J.). Carboplatin/thymidine cycles were repeated every
4 weeks.

Follow-up. Tumor response assessment was con-
ducted after every other cycle, then during follow-up at
least every 3 months until progression. Those with sta-
ble, partial or complete responses at the time of
reassessment were treated with 2 additional cycles of
combined thymidine-carboplatin therapy. Patients could
remain on the study as long as there was no prohibitive
toxicity, and as long as it was deemed that the therapy
was clinically appropriate. If progressive disease was
identified, the patients were removed from study.
Patients with progressive disease were followed for sur-
vival whenever possible. A maximum of 6 cycles of ther-
apy was permitted.

Toxicity monitoring included hematologic, hepatic,
and renal function, electrolyte imbalance and any
other greater than grade 3 toxicity. Although granulocyte
colony-stimulating factor was allowed during the first
cycle of therapy, it was not used for any patient. The
Common Toxicity Criteria (National Institute of Health,
version 2.0: http://CtEP.info.NIH.gov)was used for toxic-
ity grading.

Thymidine infusion. Thymidine provided by the
National Cancer Institute (CTEP) was prepared at a con-
centration of 30 mg/ml in a solution of 0.6% NaCl solu-
tion to provide 75 g thymidine/m” over 24 h (4.25 liters
over 24 h or 177 ml/h in a 1.7 m* person).

Carboplatin infusion. Carboplatin was reconstituted
with sterile water for injection and diluted with 5% dex-
trose injection given as a 20-min intravenous infusion
without interrupting the thymidine infusion. Carboplatin
and thymidine were administered through separate
venous access sites. The carboplatin injection was begun
after 20 = 0.5 h of thymidine infusion. The carboplatin
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dose was based on an AUC of 7 mg/ml X min. Patients
received antiemetic medications and other therapies
according to standard practice guidelines. Supplementary
magnesium sulfate was given during the thymidine infu-
sion via a separate intravenous catheter, if indicated (i.e.,
by low serum levels). The initial carboplatin dose level
was chosen because of the potential carboplatin dose-
modifying effect of thymidine and the potential for some
degree of thymidine myelosuppression in addition to the
toxicity of carboplatin.

Carboplatin dose modifications. The carboplatin
dose was escalated by 1 AUC unit in patients for sub-
sequent cycles based on counts (i.e., AUC was in-
creased by 1 AUC [e.g., 7 to 8], if there was less than
grade 2 hematologic toxicity). The maximum AUC
allowed was 10.

Patients were not retreated unless there was recov-
ery of platelets to >100,000/pl and absolute neu-
trophil count of >2,000/pl, and resolution of any
grade 2 or 3 nonhematologic toxicity. Treatment was
held until lab values were stable and then dose reduc-
tion was instituted. Dose reduction was carried out by
1 AUC unit for the subsequent cycle of chemotherapy.
If a patient required a dose reduction below AUC 4
based on toxicity, he/she was removed from protocol
treatment.

The parameters for dose reduction by an AUC unit of
1 were as follows: nadir absolute neutrophil count
<500/pl for >3 days, and/or nadir platelets <25,000/pl. If
successive cycles resulted in similar levels of myelosup-
pression, subsequent cycles were reduced an additional
1 AUC unit. Platelet transfusions were encouraged for
counts of 20,000/ul. A dose reduction of 1 AUC unit
was instituted for febrile neutropenia. A dose reduction
of 1 AUC unit took place for a dose delay (due to toxic-
ity) of >21 days between cycles. Subsequent cycles
beyond 21 days required further dose reductions of
1 AUC unit.

Criteria for Evaluation and End Point Definitions

All lesions were measured bidimensionally at each
evaluation.

Complete response was defined as complete disap-
pearance of all measurable and evaluable disease with no
new lesions. Partial response was defined as greater than
or equal to 50% decrease in the sum of products of per-
pendicular diameters of all measurable lesions compared
with the baseline study. All responders had to be on sta-
ble or decreasing doses of dexamethasone. A less than
50% decrease was considered a minor response if it was
sustained for at least 12 weeks. Stable disease was defined
as no change for at least 12 weeks. Progression was
scored with 225% increase in tumor bidimensional prod-
uct, appearance of new lesions, or failure to return for
follow-up because of death or deteriorating condition
(unless clearly unrelated to the cancer). All responses
were verified centrally by radiographic review.

Time to treatment failure was scored from the date of
registration to the date of first observation of progressive
disease, nonreversible neurologic progression, or perma-
nently increased steroid requirement (applied to stable
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Table 1. Patient demographics

No. of patients entered 45
No. unevaluable 4 (8.9%)
Median age (range) 47 (20-70)

Sex Female 46%; male 54 %

Prior treatment Surgery, 90%; external radiation
therapy, 100%; chemotherapy,
81%; immunotherapy, 7 %

None, 19.5%; 1 regimen, 61%;
2 regimens, 19.5%

GBM, 76%; AA, 10%; AO, 12%,;
mixed, 2%

Prior chemotherapy

Histology

Abbreviations: AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma.

disease only), death due to any cause, or early discontin-
uation of treatment. Time to death was scored from date
of resignation to date of death due to any cause.

Statistical Considerations

The planned sample size was 40 patients (allowing for
10% ineligibility).

The primary endpoint of the phase II study was
response. A true response rate to carboplatin/thymidine of
20% or more would be of considerable interest, whereas
further testing would not be planned if the true response
rate was 6% or lower. Initially, 20 patients were accrued.
If none of the first 20 had responded to treatment, we
would have closed the study and concluded that the agent
was inactive in this patient population. Five or more
responses from a total of 40 patients was to be considered
evidence warranting further study, provided other factors
(such as toxicity, time to treatment failure, and survival)
also appeared favorable.

The design had a significance level (probability of
falsely declaring an agent with a 5% response probability
to warrant further study) of .05 and power (probability of
correctly declaring an agent with a 20% response proba-
bility to warrant further study) of 92%. The chances of
ending accrual after only the first stage, as well as the
chances of concluding the agent warrants further study,
over various true response probabilities are as follows:

True response probability: .05, .10, .15, .20

Table 2. Toxicity with carboplatin and thymidine therapy

Probability of early stopping: 36%, 12%, 4%, 1.%

Probability of declaring agent warrants further study
5%, 37%, 73%, 92%

The accrual of 40 patients to the phase II portion of
this study was considered sufficient to estimate the true
response rate, toxicity rate, or 4-month treatment failure
rate to within, at most, +16%. Any toxicity occurring
with at least a 5% probability would likely be seen at
least once (with an 87% chance).

Results

Table 1 summarizes the demographics of our patient
population. There was an almost equal male-to-female
distribution; median age was 47. Most importantly, the
high number of prior therapies indicated that this was a
poor risk population; most had GBM with prior resec-
tion, radiation, and chemotherapy. Four patients were
unevaluable: 1 withdrew from study before treatment;
2 had improper baseline MRIs; 1 had inadequate pre-
treatment hematologic parameters.

As observed in our earlier clinical trial (Robins et al.,
1999), carboplatin-induced thrombocytopenia was dose
limiting (Table 2). However, as was also the case in the
earlier trial, there was an apparent myeloprotective effect
of thymidine allowing for dose escalation of carboplatin
up to an AUC of 10 (Table 2). In order to evaluate this
myeloprotection, we applied modeling developed by
Egorin’s Group (Jordell et al., 1992), which predicts car-
boplatin hematologic toxicity based on prior therapy.
Tables 3 and 4 compare the actual toxicity to the pre-
dicted outcomes for white blood cell and platelet toxicity,
respectively.

Table 5 summarizes the nonhematologic toxicities
encountered. These were comparable to our earlier
phase I study. Nausea and vomiting were responsive to
antiemetics; prophylactic antiemetics were effective.
Headaches were responsive to analgesics. Thymidine-
related toxicity generally occurred midway through infu-
sion. Overall, this regimen was well tolerated.

Disease Response to Therapy

We observed 2 patients with partial remission (4.8%;
1 anaplastic oligodendroglioma, 1 GBM), 3 with minor

Median nadir cells/pl [day] (range)

CBDCA-AUC? No. of courses Platelet (X1000) ANC (X100) No. evaluable pts/SPR
5 3 70 [15] (61-77) 1.7 [28] (1.4-1.7) 1/1

6 4 70 [21.5] (50-137) 2.5[12]1(1.3-3.3) 5/3

7° 58 110 [22] (10-314) 2.3 [19] (.5-6.9) 41/20

8 20 133 [16.5] (34-178) 2.5[22] (.4-10.9) 14/6

9 11 112 [15] (35-205) 2.5[22]1(1.1-5.5) 7/3

10 5 114 [4.5] (54-164) 1.6 [9] (1.2-2.5) 3/3

Abbreviations: ANC, absolute neutrophil count; AUC, area under the curve; pts, patients; CBDCA, carboplatin; SPR, number of patients exhibiting white blood cell count <1.5 and/or

platelet <100.
*Adjusted based on toxicity.
bStarting AUC.
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Table 3. Incidence of white blood cell toxicity greater than or equal to grade 3

Predicted® (%)

AUC If prior chemotherapy If no prior chemotherapy  Estimated for study (CBDCA/TdR) Actual (%)
6 30 <5 >24 0

7 35 5 29 1.6

8 40 10 34 5

9 50 30 46 9

10 55 45 53 0

Abbreviations: AUC, area under the curve; CBDCA, carboplatin; TdR, thymidine.

*Based on modeling (Jordell et al., 1992).

Table 4. Incidence of platelet toxicity greater than or equal to grade 3

Predicted® (%)

AUC If prior chemotherapy If no prior chemotherapy  Estimated for study (CBDCA/TdR) Actual (%)
6 30 10 26 0
7 45 20 40 15
8 50 30 46 10
9 55 50 54 9
10 60 60 60 20

Abbreviations: see Table 3.

*Based on modeling (Jordell et al., 1992).

Table 5. Incidence of nonhematologic toxicity with carboplatin and thymidine therapy

Grade Headache (%) Altered consciousness (%) Fatigue (%) Nausea (%)
1 5 6 13 6
2 8 1 2 7
3 4 1 1 3
4 0 2 0 0
5 0 0 0 0

responses (7.3%; 1 anaplastic astrocytoma, 2 GBMs),
6 with stable disease (14.6%) and 30 with progressive
disease (73.2%). Kaplan-Meier curve estimates of sur-
vival and time to progression were calculated for the
GBM patients. The median survival was 23 weeks with
a 95% CI of 20 to 50 weeks. At weeks 13, 26, 39, 52,
and 78, the Kaplan-Meier values for median survival
(95% CI) were, respectively, 0.87 (0.76, 1.00), 0.45
(0.31, 0.67), 0.39 (0.25, 0.60), 0.23 (0.12, 0.43), and
0.10 (0.03, 0.28). The median time to progression was
8 weeks with a 95% CI of 7 to 16 weeks; the Kaplan-
Meier values for median progression-free survival (95%
CI) for weeks 13, 26, and 39 were, respectively, 0.29
(0.17, 0.50), 0.13 (0.05, 0.32), and 0.03 (.00, 0.22).
One of these patients (GBM) with a minor response
continues with no evidence of disease progression at
21+ months. Three patients are still alive with a median
follow-up of 24 months.

Discussion

A significant clinical finding in this study relates to the
reaffirmation that thymidine, given as a 24-h infusion,
can provide an apparent effect in protecting against car-
boplatin-induced myelosuppression (Tables 3 and 4). A

mechanistic explanation for this phenomenon may
relate to synchronization of hematopoietic progenitor
cells, a finding previously observed and described (Blu-
menreich et al., 1984; Fox, 1989; Kufe et al., 1980a,
1980Db). Such synchronization by thymidine may result
in cessation of replication of hematopoietic cells, allow-
ing for extended time for the repair of carboplatin-DNA
adducts, and may result in relative myeloprotection.
Alternatively, inhibition of poly(ADP-ribose) polymer-
ase may preserve NAD cellular pools (NAD being the
rate-limiting substrate for this enzyme). NAD preserva-
tion may protect progenitor hematopoietic cells from
energy losses and/or apoptosis. This latter speculation is
supported by studies of NAD levels in patients receiving
either carboplatin alone, thymidine alone, or the combi-
nation (Robins et al., 1999).

It is interesting to note that an earlier clinical trial
involving 1,3-bis(2-chloroethyl)-1-nitrosourea and thymi-
dine provides putative evidence for thymidine protection
against 1,3-bis(2-chloroethyl)-1-nitrosourea myelotoxic-
ity (Schultz et al., 1996).

Most of the patients enrolled in this study had GBM
(Table 1). For these patients, overall median survival and
progression-free survival were comparable to other
phase II experiences with GBM (Wong et al., 1999).
Indeed, we are aware of no study to date involving recur-
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rent GBM patients that has reported an improvement in
the 95% CI for time to recurrence (8-10 weeks) and over-
all survival (21-28 weeks) reported by Wong et al (1999)
in their retrospective review.

Our response results are also consistent with earlier
phase II carboplatin glioma trials. Prados et al. (1996), in their
study of escalating doses of carboplatin, also review the liter-
ature for this drug as a single agent in recurrent high-grade
gliomas. They point out that doses ranging from 350 mg/m*
to >450 mg/m” demonstrated no apparent difference in
response rates (range, 7%-14%). The average response rate
across studies by Poisson et al., 1991; Prados et al., 1996;
Warnick et al., 1994; and Yung et al., 1991, involving 142
patients, was ~ 10%. We agree with their summary, as well as
their observation that GBM patients were less likely to
respond and had a shorter time to tumor progression. Paren-
thetically, the myelosuppression seen in these 4 studies was
considerably higher than that seen with carboplatin/thymi-
dine, consistent with data projected in Tables 3 and 4.

Clearly the combination of thymidine and carboplatin
provides no therapeutic advance in the treatment of
GBM. Taken collectively, however, the results of this trial
may provide an important foundation for future clinical
trials. In this regard, temozolomide currently represents a
promising new chemotherapeutic agent in the treatment
of both glioma and malignant melanoma. Poly(ADP-
ribose) polymerase represents a known resistance mecha-
nism for this compound (Raymond et al., 1997; Tentori et
al., 1997; Wedge et al., 1996). Thus, the combination of
thymidine and temozolomide, as well as the addition of
carboplatin and/or 1,3-bis(2-chloroethyl)-1-nitrosourea,
represents an attractive multimodality approach to these
diseases for which therapeutic gains have been exceed-
ingly modest. The recognition of the myeloprotective
value of thymidine is consistent with the practicality of
such a multiagent approach. Preclinical studies now in
progress are testing these combination therapies as a pre-
lude to formal clinical multi-institutional trials.
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