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ABSTRACT

Phase I evaluation of spiromustine was performed using an every-3-
week schedule and a weekly x 3 schedule. Neurotoxicity was the dose-
limiting toxicity presenting as alterations in cortical integrative functions
(orientation, language, coordination), leading to a decrease in the level of
consciousness. Traditional criteria for grading neurotoxicity poorly char
acterized these toxicities. The maximum tolerated dose was 6 mg/m2
every 3 weeks and 3 mg/m2 weekly x 3. Concurrent murine studies

confirmed spiromustine as a schedule independent drug with toxicity
correlating with peak plasma levels. Physostigmine had little effect on
decreasing neurotoxicity in the murine model. The solvating agent used
was not responsible for the neurotoxicity. Injection of spiromustine on a
split-dose schedule decreased the acute neurological toxicity in mice and
allowed a larger total dosage to be delivered (compared to single bolus
dosage). Based on these results a split-dose schedule is suggested for
future clinical trials.

INTRODUCTION

Spiromustine (NSC 172112) is one of several agents synthe
sized by Peng et al. (1) in an attempt to develop chemothera-
peutic agents with specific activity against CNS2 tumors. Chem

ically, the drug is a combination of nitrogen mustard and a
derivative of diphenylhydantoin (Fig. 1). Diphenylhydantoin,
uniquely adapted for this combination, crosses the blood brain
barrier and has been demonstrated to preferentially localize in
brain tumors relative to normal brain tissue (2, 3). In this
regard, spiromustine has exhibited activity against the intracra-
nially implanted mouse ependymoblastoma, resulting in an
increased life span of tumor bearing mice by 136% (1). Activity
was also seen in the i.p. implanted colon 26, B16 melanoma,
LI210 lymphoid leukemia, and the human MX-1 mammary

tumor xenograft.
Spiromustine acts /// vivo as an alkylating agent causing DNA

cross-linking as assessed by alkaline elution (4). In vitro, in the
9L rat brain tumor model, spiromustine caused a prolongation
of S phase, G2, and M with an associated block at G2 (5-7).

A Phase I study was initiated at Wayne State University to
evaluate spiromustine regarding toxicity and MTD. Initial dos
ing was a single i.v. dose every 3 weeks but was subsequently
changed to a weekly x 3 schedule followed by a 2-week rest.
This modification resulted from reports of neurotoxicity be
lieved to be related to peak plasma levels in concurrent Phase I
studies.

Due to the neurotoxicity of spiromustine and the purported
beneficial effects of physostigmine in decreasing this toxicity,
we duplicated the neurotoxicity in mice and investigated the
role of physostigmine and a split-dose schedule of spiromustine
administration in this unique toxicity.
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MATERIALS AND METHODS

Patient Eligibility. Only patients with a histologically confirmed
diagnosis of a solid tumor malignancy that had failed standard therapy
or for which there was no known effective therapy were eligible for this
study. Patients were required to be at least 3 weeks beyond any prior
radiotherapy or cytotoxic chemotherapy (6 weeks for nitrosoureas or
mitomycin C). Pregnant patients and those younger than 13 years were
not eligible. Patients were required to have adequate bone marrow
reserve and renal function as assessed by a WBC > 4,000/mm3, platelet
count > 100,000/mm3, blood urea nitrogen < 25 mg/dl, and serum

creatinine < 2.0 mg/dl. Measurable or Ã©valuabledisease were also
required. All patients had a performance status of 40 or better (Kar
nofsky) and gave written informed consent according to institutional
policy. At each dose level patients with known CNS disease were
excluded from entry to allow us to accurately differentiate drug toxicity
from progression of the CNS malignancy. After 3 patients were entered
without CNS disease, entry was open to patients with brain mÃ©tastases
or primary CNS tumor.

Treatment Evaluation. All patients received prestudy history and
physical examinations including performance status and tumor meas
urements. A complete blood count, blood chemistries profile, urinalysis,
chest radiograph, and electrocardiogram were also obtained before
treatment. Appropriate radiographs and scans needed for tumor meas
urements were done. Computerized tomography of the brain, EEC,
and mental status examinations (8) were performed on patients prior
to study entrance and at any time CNS dysfunction occurred.

Dosage and Administration (Clinical Study). The initial dose of 3 nig/
m2 was derived from one-third of the toxic low dose in the preclinical
dog studies using a daily times S-day schedule (9). Because of the
instability of spiromustine in aqueous solution, the drug was prepared
in an Intralipid (Cutter) emulsion at 1 mg/ml. In an Intralipid emulsion
at this concentration, 10% decompensation occurred in 55 min. The
drug solution was prepared by dissolving 60 mg of spiromustine and 1
ml of sterile N,N-dimethylacetamide (DMA) for a final concentration
of drug of 60 mg/ml. The calculated dose of spiromustine was then
added to 100 ml of Intralipid 10% with constant swirling of the
Intralipid.

Initially, patients were entered at a 3-mg/m2 dose every 3 weeks.
Subsequent patients were entered at 2 mg/m2 every week for 3 weeks
followed by a 2-week rest. Dose escalations were carried out using a
modified Fibonacci search scheme (10). Before escalation occurred, 3
previously untreated patients (with this drug) had to be treated at each
dose level and observed for toxicity. A treated patient could be entered
at the next dose level after they had received 2 courses of therapy at
their initial dose level and had only mild or no toxicity.

Response Criteria. MTD was defined as that dose when administered
at the proposed schedule produced predictable and reversible toxicity
which did not incapacitate or interfere with the patient's well being or

general function. Conventional criteria for complete response, partial
response, stable disease, and progressive disease were used (11).

Murine Studies. Mice were CD2F, (BALB/c x DBA/2 F,) and
BD2F, (C57BL x DBA/2 F,) Jax laboratory strains, 21 to 26 g.
Spiromustine was obtained from the Investigational Drug Branch of
the National Cancer Institute. Physostigmine sulfate was obtained from
Sigma Chemical Co. (St. Louis, MO). Infusions of physostigmine
sulfate were carried out with 7-day Alzet osmotic pumps, Model 2001
(Alza Co., Palo Alto, CA).

Spiromustine was dissolved in a minimum volume of DMA (or
ethanol for some experiments) plus POE-40. A Wheaton homogenizer
(15- or 30-ml size) with a smooth Teflon pestle aided solution prepa
ration. The pestle was turned slowly in a standard rheostat controlled
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Table 1 Patient characteristics

CK^CH, N â€” CH,CH,â€” CI

I
CH,CH;â€”CI

Fig. I. Structure of spiromustine (NSC 172112).

Sears drill press. The carrier (a material with hydrophobic and hydro-
philic binding regions, e.g., POE-40 or Emulphor) was required to be
present in the organic solvent prior to the addition of the aqueous
vehicle. This prevented the spiromustine from precipating out of solu
tion. The 10% Intralipid (Cutter) was then added with rapid mixing
(i.e., rapid turning of the pestle with an up and down motion in the
drill press). Volumes of 0.4 ml/mouse were administered, which con
tained 3% of the organic solvent and 1% POE-40.

Schedule Dependency Definitions. Cytotoxic antitumor agents fall
into one of 4 different categories (12, 13).

In Category I (schedule dependent for lethal toxicity), the schedule
markedly influences the total dose that can be administered. This occurs
for some antimetabolites (S-phase specific; e.g., 6-thioguanine, 1-/3-D-
arabinofuranosylcytosine, methotrexate). The total dosage (at the max
imum tolerated level) markedly decreases (usually by a factor of 15 or
more) as the number of injections increases within a 10-day treatment
period. In this category efficacy (for a sensitive tumor) correlates with
the time above a minimum cytotoxic concentration of the drug.

In Category 2 (schedule independent for lethal toxicity), the schedule
does not appreciably influence the total dose that can be administered.
Examples include mitotic inhibitors, DNA binders, and alkylating and
DNA scission agents that produce repairable lesions, and some anti-

metabolites. The maximum tolerated total dose does not change signif
icantly as the number of injections increase in a 10-day time period. In
this category, the antitumor activity (for a sensitive tumor) correlates
with the total dose that can be administered and dose splitting does not
appreciably change efficacy.

In Category 3 (schedule independent with a peak plasma level prob
lem), the total dose at the apparent maximum tolerated level appears
to increase as the number of injections increase within the 10-day
period. This phenomenon is usually caused by an intolerance to a high
plasma level of the drug (12) and results in immediate postinjection
death. The schedule producing immediate death is not satisfactory for
the evaluation of antitumor activity. In this category, efficacy (for a
sensitive tumor) correlates with the total dose that can be administered.
Dose splitting allows a higher total dose to be tolerated and thus an
apparent improvement in efficacy.

In Category 4 (threshold agents with nonlinear pharmacokinetics),
the total dose (at the apparent Mil) level) increases with dose splitting
(opposite Category 1), whereas efficacy decreases (unlike Categories 2
and 3) (13).

RESULTS

Patient Characteristics. Twenty-two patients were entered in
this study. Patient characteristics are delineated in Table 1.
One patient was not Ã©valuabledue to early death. Sixteen
patients were Ã©valuablefor response. All patients were Ã©valuable
for toxicity.

Toxicity. Seven patients were entered on the single adminis
tration every 3 weeks and received 14 Ã©valuablecourses for
toxicity. Toxicity is shown in Table 2. Gastrointestinal toxicity
was manifested as mild diarrhea with nausea and vomiting.
Fifteen patients were Ã©valuablefor toxicity who received the
weekly x 3 schedule. Of the 8 patients entered at a dose of 2
mg/m2, 5 received 3 full weeks of therapy (3 doses), 1 received

6 doses, one 2 doses, and one patient only 1 dose. Seven patients
were entered at 3 mg/m2; 3 received 3 doses, one 2 doses, and

CharacteristicEnteredEvaluated

fortoxicityEvaluable
forresponseMale/femaleMean

age. yr (range): 57(37-72)Performance

status"90-10070-8050-6030-40DiagnosisSmall

cell lungcarcinomaNonsmall
cell lungcarcinomaColon

carcinomaEsophageal
carcinomaOvarian
carcinomaEndometrial
carcinomaAdenocarcinoma

unknownprimarySoft
tissuesarcomaOsteosarcomaPrevious

therapyChemotherapyRadiation/chemotherapyNo.

ofpatients22211612/10223II62167211121913"

Karnofsky performance status.

Table 2 Toxicity

No. of doses administered

Every 3weeksToxicityWBC

count, <2.000/
mm3

Platelet count,
<100,000/mm3

Gastrointestinal
Neurological3

mg/m2
(n =8)Â°0

01

(13)*

06

mg/m2
(n =6)002(33)

3(50)Every

week x32

mg/m2
(n =24)0

07(30)

1(4)3

mg/m2
(n =14)005(36)

6(43)
" Number of doses administered.
* Numbers in parentheses, percentage.

3 received 1 dose each. Toxicities are shown in Table 2.
Neurotoxicity was evaluated by a grading system similar to

that developed by Castellanos and Fields (14). The following 7
parameters were examined: level of consciousness, integrative
functions, language, speech, vertigo, motor strength, and coor
dination /ataxia (Table 3).

At the 6 mg/m2 dose delivered on a every-3-week schedule,

3 of the 6 courses were complicated by neurotoxicity. Using the
toxicity scheme, all 3 of these episodes were Grade 3. All
patients were disoriented in 2 or more spheres with unintelli
gible speech and had vertigo associated with nausea and vom
iting. One patient also exhibited urinary incontinence and had
hallucinations. All toxicities reversed in a 24 li period.

At 3 mg/m2 weekly x 3, neurotoxicity prevented further dose

escalation. In 6 of the 14 courses, Grade 3 neurotoxicity was
again observed, with patients being disoriented in 2 or more
spheres, unintelligible speech, inability to ambulate, and
marked reduction in verbal communication. These toxicities
progressed to a decrease in the level of consciousness in most
patients. Usually these toxicities abated within 24 h; however,
a patient who received the third weekly dose without previous
neurotoxicity, had severe disorientation and hallucinations last
ing 48 h.

Patients who exhibited neurotoxicity with either schedule
also had mydriasis and xerostomia. No patient who experienced
neurotoxicity agreed to further participation in this study.

EEGs did not elucidate any further characteristics of the
neurotoxicity. Tracings were generally interpreted as being
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Table 3 Grading of neurotoxicity"

Level ofconsciousnessIntegrative

functionsMotor

strengthCoordination

ataxiaSpeechLanguageVertigoGrade

0NormalNormalNormalNormalNormalNormalNoneGrade1Sleepy,

arousableDecreased

concentrationMild,

ambulator)Mild

gait or limbataxiaMild

slurringPartial,
expressive,orreceptive

aphasiaMild,
transientGrade

2Responds

to loud verbalortactile
stimuliDisoriented

in onesphereModerate,

ambulatorywithassistanceModerate

gait orlimbataxiaModerate

slurringModerate,

transientGrade

3Responds

to painonlyDisoriented

in 2 ormorespheresNonambulatoryModerate

gait and limbataxiaUnintelligiblePartial

expressive and recep
tiveaphasiaAssociated

with nauseaandvomitingGrade

4ComaDementiaParalysisConfined

tobed,postural
ataxiaMuteGlobal

aphasiaDisablingâ€¢

See Ref. 14.

consistent with a metabolic encephalopathy. Formal mental
status testing was also of no greater benefit than careful clinical
neurological examinations in evaluating this toxicity. No pa
tient had detectable serum Dilantin levels 2 h postinfusion
(total Dilantin, <2.5 tig/ml; free Dilantin, <0.25 Mg/ml).

Drug Activity. No antitumor activity was seen with spiro-
musi ine using this schedule of administration in the 16 patients
Ã©valuablefor response.

Murine Model Studies. In the preliminary experiments, spi-
romustine was demonstrated to be a schedule independent drug
with toxicity probably related to the peak plasma level (see
"Schedule Dependency Definitions" under "Materials and
Methods'1). Since the drug was unstable in solution for more

than 15 min, small numbers of mice were used in each experi
ment. In the first trial, the material was solubili/ed and injected
i.p. at 90 mg/kg, producing one death in 3 mice (occurring 45
min postinjection). One-half of this sample (45 mg/kg) was
also injected i.v. into 3 additional mice resulting in acute deaths
within 13 min in all mice. Death followed a characteristic
pattern with the animals becoming visibly agitated, jumping
around the cage in a frenzied manner, and terminating with the
mice falling onto their sides in a fetal position. Convulsion and
death followed within seconds. In further testing, 60 mg/kg of
the solubili/ed drug produced no immediate death if injected
i.p., whereas 19 mg/kg or more produced immediate death in
greater than 30% of the animals if injected i.v., consistent with
a peak plasma level problem (Table 4). At dose ranges of 19 to
31 mg/kg i.v., onset of the hyperagitation to convulsion to
death sequelae was highly variable. Frequently, a prolonged
period of stupor was observed. In other cases, individual mice
would fully recover from the stupor within 4 to 12 h.

To establish the peak-plasma level as being responsible for
the acute toxicity rather than a "route effect" (e.g., precipitation
of the agent in the vascular system), a "reverse order" trial was

carried out (Table 5). In this protocol design, the solvating
agent (DMA and POE-40) was added directly to the vehicle

(10% Intralipid). The spiromustine powder was subsequently
added and a suspension was prepared. This mixture was admin
istered i.v. in doses up to 51 mg/kg without acute death or
visible stupor. The results of these experiments are consistent
with the hypothesis that the solvated drug and the peak-plasma
level were responsible for the neurological toxicities and acute
death rather than a route effect (Table 5). Actual measurements

Table 4 Acute deaths due to peak plasma level problem of spiromustine

Table 5 "Reverse order" trial

Dose (mg/kg)6090

45Routei.p.
i.p.i.v.Deaths0/6 1/3 (45 min)"

3/3 (13 min)*

Single i.v. injection(mg/kg)Solubilized

DMA513119120

(control)Suspension

DMA513119Drug

deaths (within 6h)5/56/67/100/130/70/80/90/10

Table 6 Effect of physostigmine on neurotoxicity (infusion)

Physostigmine"640

064

6400Dosage

of spiro
mustine (mg/kg/

dose, i.v.)*

(solvent)Diluent21

(DMA)12
(DMA)21

(DMA)
12(DMA)21

(ethanol)
12(ethanol)Total

dose
of spiromus
tine (mg/kg)063

36633663

36Acute

deaths after first
treatment0-6

h0/52/5

2/54/7

0/72/51/56-22

h0/51/5

0/50/7

0/70/5

0/5M

h
survival5/52/53/53/7

7/73/54/5

Â°Time of last death after injection.

" Day 0 in 7-day pump producing an infusion rate of 0.37 mg/kg/h.
* Starting day 1 every 2 h x 3.

of plasma levels were not done due to difficulties in establishing
an adequate assay.

DMA has been shown to aggravate the neurological toxicities
of other agents (12). Two experiments were performed using
ethanol as a solvating agent so as to contrast its effect with that
of DMA (one of the experiments is shown in Table 6). In all
experiments, the onset of the hyperagitation to death sequence
was slightly delayed, the severity of the stupor slightly reduced,
and the survival slightly superior in the ethanol groups. How
ever, these differences were not impressive in any of the trials.

Two experiments were performed to evaluate the effect of
physostigmine on the neurotoxicity of spiromustine (one of the
experiments is shown in Table 6). In the first experiment,
physostigmine was administered as a bolus, i.p., every 30 min
for 3 injections starting 3 to 5 minutes before the spiromustine
(data not shown). The first dosage was 0.6 mg/kg/mouse, and
the successive 2 injections were each 0.3 mg/kg/mouse (the
highest safe therapeutic level as determined in a previous ex
periment). The duration of activity of physostigmine was only
20 to 30 min. Physostigmine did not prevent the hyperagitation
to death sequence. The severity of the neurotoxicity among
those that did not die during the first 1.5 h was difficult to
quantitate; however, this toxicity was not clearly reduced in the
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Table 7 Treatment ofGlascow osteogenic sarcoma tumor bearing mice with
spiromustine (100- to 400-mg s.c. tumors)

Median tumor
size (mg) 4

Dosage (mg/kg/ Total dose Drug deaths days after treat- T/C*

dose, i.v.) (mg/kg) within 6 h ment (%)

Single treatment (DMA-lntralipid)

51
31
19
12
0 (control)

51
31
19
12
0

5/5
6/6
7/10
0/13
0/7

1558
1583
2659

Split dose every 2 h x 4 (ethanol-lntralipid)

8.3
4.8
.1.0

33
19
12

0/6
0/6
0/6

1746
1996
2551

58
59

65
75
96

* T/C, tumor size of treated/tumor size of control. There was no meaningful

tumor growth delay in any of (he treatment groups.

physostigmine treated mice. In the second experiment, the
physostigmine was delivered as an infusion, 64 mg/kg/pump,
implanted i.p., 24 h prior to the administration of spiromustine
(Table 6). The infusion rate of physostigmine was 0.37 mg/kg/
h. The dosage of spiromustine was split (every 2 h x 3). Survival
was not clearly improved in the physostigmine treated mice.
The severity of the stupor was also not visibly different between
the two groups. Generally, with multiple injections of spiro
mustine on this schedule, stupor began after the second dose
and became increasingly more severe with the third and fourth
doses.

A single injection was compared with a split-dosage schedule
in the experiment shown in Table 7. This trial was performed
in tumor bearing mice (Glascow osteogenic sarcoma) (15, 16)
to evaluate the effect of a split-dosage schedule on the antitumor
activity of spiromustine. This tumor is highly sensitive to al-
kylating agents and, historically, cures have been repeatedly
obtained in the murine model with cyclophosphamide or L-
phenylalanine mustard with 100- to 400-mg size tumors. Other
alkylating agents (e.g., cisplatin, l,3-bis(2-chloroethyl)-l-nitro-
sourea, Aziridinylbenzoquinone) have produced complete
regressions, long tumor growth delays, and an occasional cure
of these size tumors.3 Splitting the dose of spiromustine (every

2 hour x 4) did allow a markedly higher total dose to be
administered (33 mg/kg split dose versus 12 mg/kg single dose)
(Table 7). Unfortunately, because spiromustine is essentially
inactive against this tumor (Table 7), comparing antitumor
activity between these 2 schedules was impossible.

DISCUSSION

Spiromustine, a bifunctional alkylating agent representing a
combination of nitrogen mustard and a derivative of diphenyl-
hydantoin, was evaluated in a Phase I setting. Initially, a single
i.v. dose every 3 weeks was used; however, due to the observa
tion of CNS toxicity, a weekly x 3 schedule (followed by a 2-
week rest) was initiated.

From the observation of drug related neurotoxicity, spiro
mustine enters the CNS. The observed neurotoxicity resembled
an anticholinergic effect with the appearance of mydriasis,
xerostomia, and confusion. Attempts to reduce the clinical
appearance of this toxicity in other Phase I studies with the
concomitant use of physostigmine has allowed only modest
increases in the dose of spiromustine (17).

Unlike drugs with a well defined MTD (i.e., myelosuppres-

3T. ('( it lit-il, unpublished results.

sion), the toxicity of spiromustine required a subjective evalu
ation of the patient's cognitive and integrative cortical func

tions. Results of EEGs and mental status testing were generally
not helpful in characterizing or following this toxicity. The
commonly used WHO neurotoxicity evaluation measures "level
of consciousness" (Grades 1-4) (11). This system did not ade

quately quantitate the neurotoxicity of spiromustine. Recently,
Castellanos and Fields (14) introduced 14 criteria to evaluate
neurotoxicity. In analyzing our data we used a similar toxicity
schedule as outlined in Table 3.

The MTD for our study was 6 mg/m2 for an every-3-week
schedule and 3 mg/m2 for a weekly x 3 schedule. Other Phase
I investigators have recommended a MTD of 6 mg/m2 on a 3

times a week schedule (17). Investigators from the Vermont
Regional Cancer Center recommended a dose of 4 mg/m2 twice

weekly x 3 weeks (18). The subjective nature of the evaluation
of neurotoxicity probably has resulted in the observed variations
in the MTDs.

In order to evaluate the effect of physostigmine and the
influence of schedule on this toxicity, we evaluated the neuro
toxicity of spiromustine in a murine model. Our murine studies
did not demonstrate any significant benefit from physostigmine,
corroborating recently completed clinical studies ( 17). The sol-
vating agent, DMA, was also shown not to be responsible for
the observed neurotoxicity.

Because high peak plasma levels appeared to be responsible
for the CNS toxicities and acute deaths in mice, we evaluated
a single i.v. injection versus a split-dosage schedule in tumor
bearing mice. In other murine studies, dividing the dose has
been a technique to circumvent peak plasma level problems
with little compromise of antitumor activity (12). Splitting the
dose every 2 hours x 4 allowed a significantly higher total dose
to be administered in comparison to the single-dose schedule
(33 versus 12 mg/kg). Spiromustine demonstrated little ant itu-
mor activity in either schedule. Therefore, conclusions about
the influence of schedule on antitumor effect is impossible using
this model.

From the current Phase I studies, neurotoxicity has been
encountered in the following schedules: twice weekly x 3 weeks;
weekly x 3; daily x 3; every other day x 3; and every 3 weeks
(17, 18). Because of neurotoxicity, all patients declined further
participation in our study, thus lowering the patient's total

dose. In addition to the peak plasma level, spiromustine neu
rotoxicity may be cumulative, as observed in our murine studies.
Stupor in the mice began after the second dose and became
progressively more severe after the third and fourth dose. Pre
liminary clinical evidence also suggests a potential cumulative
effect (17).

Little information exists demonstrating biological or antipro-
liferative activity of spiromustine in the clinical setting. In
preclinical studies, spiromustine demonstrated activity in the
L1210 leukemia model which frequently predicts for hemato-
logical toxicity. In preclinical murine and beagle dog toxicology
studies, spiromustine had significant myelosuppressive prop
erties. With existing clinical schedules, CNS toxicity may pre
clude the administration of biologically active doses of the drug.
Without producing myelosuppression as evidence of antiprolif-
erative properties, the clinician may not be confident that a
therapeutic dose is being administered. If interest in Phase II
testing exists, alternate schedules aimed at delivery of larger

-cumulative doses of spiromustine should be examined. An
example would be the split-dose schedule avoiding peak plasma
level toxicity, allowing for larger cumulative doses.
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