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ABSTRACT

Lonidamine is a dechlorinated derivative of indazole-3-carboxylic acid
which preclinically synergizes with hyperthermia. Clinically, this non-
myelosuppressive drug (given p.o. daily) is active as a single agent in a
variety of malignancies. On this basis, a Phase I study which incorporates
a drug escalation schema as well as an escalation in temperature, i.e.,
41.0Â°Cfor 85 min to 41.8Â°Cfor 75 min, was executed. Induction therapy
included seven whole-body hyperthermia treatments. Whole-body hyper
thermia was delivered using a radiant heat system.

Twenty-four patients were entered on study. Of these, 20 were Ã©valu
able for response. Group A (60 mg/m2) had three patients with three no
responses. Group B (180 mg/m2) consisted of three patients: one lym-

phoma, partial response; two gastrointestinal adenocarcinomas, one par
tial response and one improvement, i.e., less than a partial response.
Group C (360 mg/m2) had 17 patients: two lung cancers, one complete

response and one improvement; one melanoma, improvement; one ovar
ian, disease stabilization (> 100 days); two adenocarcinomas of the gas
trointestinal tract, two disease stabilizations; 11 patients, no responses;
one patient entered at this level was ineligible for study and did not
receive lonidamine. Therapy was well tolerated. Of 16 patients reporting
myalgias, two required a lonidamine dose reduction; one patient required
dose reduction for central nervous system toxicity. Results obtained
encourage Phase II clinical trials.

INTRODUCTION

Systemic hyperthermia has been added to the research ar
mamentarium of oncologists at several cancer centers world
wide. Exponents of WBH3 are moving away from heat alone

for the treatment of neoplastic diseases. This is due to disap
pointment in response rates, as well as short response durations
when hyperthermia is used as a single treatment modality (1-
3). The full potential of WBH resides in its use as an adjunct
to other forms of therapy.

Cancer cell heterogeneity can limit the effectiveness of radia
tion, chemotherapy, or immunotherapy (4). WBH is nonmye-
losuppressive and can preclinically potentiate the therapeutic
benefits of the aforementioned forms of therapy (4-6). Thus,
its use as part of a multimodality approach is attractive; a
combined approach diminishes the chances of any subgroup of
cells being resistant to all modes of therapy.

In this regard, an active therapeutic drug which is nonmye-
losuppressive and has supraadditive effects with hyperthermia
and/or radiation would be clinically ideal to pursue investiga-
tionally. LON represents an example of such a drug (4-7).

LON (l-[(2,4-dichlorobenzyl)]-l//-indazole-3-carboxylic
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acid) has produced objective tumor regression in several Phase
I and II studies in patients with a variety of neoplastic diseases
(e.g., colorectal carcinoma, non-small cell lung cancer, mycosis

fungoides, astrocytoma, Leydig cell cancer, breast cancer,
chronic lymphocytic leukemia, and renal cell cancer) (7-11).
Both in vitro and in vivo observations have shown lonidamine
to be an effective hyperthermic sensitizer (12, 13) with the
ability to potentiate the cytotoxic effects of radiation (14, 15).

It is with this background that a Phase I study was conducted
to study the combination of this drug with WBH. The design
of this trial included an escalation of both temperature (41.0Â°C-
41.8Â°C)as well as drug dose (60 mg/m2, 180 mg/m2, and 360
mg/m2). The report to follow summarizes the results of this

study.

MATERIALS AND METHODS

Patient Selection

Patients were required to have a histologically confirmed malignancy
either advanced or metastatic with no probability of cure and not
amenable to more conventional treatment. Patients had to have an
ECOG performance status (16) of 2 or better, have either measurable
or Ã©valuabledisease, and have a life expectancy of at least 12 wk.
Written informed consent was obtained from all patients. Adequate
bone marrow function (WBC >2,000, absolute granulocyte count
>1,600, and platelet count >100,000); adequate hepatic function, total
bilirubin <2.0 mg/100 ml and liver function tests (2 x normal, i.e.,
alkaline phosphatase (normal laboratory range, 35-130 units/liter);
lactate dehydrogenase (normal laboratory range, 90-200 units/liter);
serum glutamate transferase (normal laboratory range, up to 50 units/
liter); adequate renal function (creatinine <2.0 mg/100 ml, blood urea
nitrogen <30 mg/100 ml, and normal urinalysis) and calcium and
electrolytes within normal limits were required for entry.

Patients with a history of an allergy to lidocaine, malignant hyper
thermia associated with general anesthesia, documented coronary artery
disease, history of angina, congestive heart failure, or serious dysrhyth-
mias were excluded. The protocol excluded patients with severely
compromised respiratory status, i.e., any component of full pulmonary
function tests being less than 65% of predicted. Neurological bases for
exclusion were central nervous system involvement by tumor, previous
spinal cord or brain irradiation, documented peripheral neuropathyâ€”
paraneoplastic or otherwiseâ€”or a history of emotional instability.

A demographic profile of the 24 patients entered on study is found
in Table 1.

Pretreatment Evaluation

Evaluation included a complete history and physical examination;
chest X-ray; computerized axial tomography scan of the brain and, if
indicated, of the chest and abdomen, a full chemistry and hematology
survey; full pulmonary function tests; electrocardiogram; and radio-
nuclide ventriculography.

Full details of the screening of our center's WBH patients have been

described previously (17).

WBH System

The system for delivering WBH, which has been previously described
(17), is based on a radiant heat technology (Enthermics Medical Sys
tems, Menomonee Falls, WI).
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Table 1 Patient population

Patient demographics

Age: mean (range) 43 (19-65)
Male/female 12/12

Prior therapy

Surgery 13
Radiation 7
Chemo 15 (total no. of regimens = 29)
Immune 4
None 4
ECOG performance status: 23 patients, PST 1 patient, PS2

Patient groups

A, LON
B, LON

CLON

(60 mg/m2, 3 patients)
(180 mg/m2, 4 patients; one of

these patients was escalated
from Group A)

(360 mg/m2, 17 patients; one

patient entered at this level
was ineligible for study and
did not receive drug)

HistologiesMalignant

melanomasLymphoma/leukemiaBreast

cancerAdenocarcinomas-Gastrointestinal

tractLung
cancerSarcomaOvarian

cancerNo.2439321
' PS1, Performance Status I; PS2, Performance Status 2.

The WBH device consists of a metal chamber into which a patient
is inserted using a stretcher. The chamber is heated by a specialized
heating cable wrapped around the metal chamber. The chamber is
equipped with doors which when closed seal the chamber and hold a
soft collar. The patient's head remains outside the chamber, and this
soft collar seals the area around the patient's neck. The soft collar also

permits the passage of an i.v. catheter and monitoring cables into the
chamber.

Esophageal, rectal, skin, and ambient air temperatures were moni
tored using Series 700 thermistors (Yellow Springs Instruments, Yellow
Spring, OH) in conjunction with a digital thermometer (Model 5810;
Digitec, Dayton, OH).

The Series 700 thermistors were calibrated against a platinum re
sistance temperature device (accuracy Â±0.02Â°C;Instrulab, Inc., Dayton,
OH) from 34-45Â°Con 3 days prior to each treatment. These data were

analyzed using a linear regression method, and corrections were made
in O.OrC steps from 37.00-43.00Â°C of the observed readings.

Patients were required to have a hematocrit >32 to undergo WBH;
transfusions were permitted to attain this hematocrit up to 24 h prior
to WBH.

WBH Treatment Procedure

During WBH patients generally received 0.75 to 1.0 liter of i.v. 5%
dextrose in 0.25 normal saline per hour alternated with 5% dextrose in
0.5 normal saline plus ~7.5 meq of potassium chloride per liter. Body
weight, urinary output, and electrolytes were monitored to assure that
this fluid regimen maintained homeostasis during and after the proce
dure. Urine output was maintained at a minimum of ~75 ml/h on
average. A typical WBH treatment session lasted a total of 4 h. Patients
generally received 3 to 4 liters over 4 h. The average urine output for
41.8Â°Ctreatment sessions was 648 ml/4 h Â±34.4 (SEM; n = 140).

Patients were sedated during WBH with a combination of i.v. thio-
pental (~4 mg/min) and i.v. lidocaine (~4 mg/min); the details and
rationale for this have been previously described (17). Patients also
received incremental boluses of i.v. diazepam (2 to 5 mg) and i.v.
fentanyl (25 to 50 Mg)(17). Approximately 12% of patients were not
well sedated with thiopental or diazepam. The use of i.v. droperidol
(2.5 to 5 mg) given during the first 30 min of WBH therapy was found
to aid in sedation during WBH treatments for this group of patients.

AH patients received nasal oxygen at 2 to 6 liters/min during WBH.
The aim of sedation was to have a quiet, calm patient who could

sleep intermittently, yet respond lucidly to verbal stimulation, retain
laryngeal reflexes, and continue spontaneous respirations at a rate
greater than 10 breaths per min. Verbal contact was maintained with
all study patients during sedation. All patients returned to regular in-
patient room upon treatment conclusion.

All patients had Foley catheters placed ~30 min prior to WBH;
these catheters were removed immediately on completion of the WBH
treatment.

The patient's heart rate, respiratory rate, and cardiac rhythm were

continuously monitored with a Space Lab Model 3224 a-monitor
(Chatsworth, CA). The patient's blood pressure (systolic/diastolic) was

monitored at least every 10 min with an Accutor blood pressure monitor
(Data Scope Corp., Pramus, NJ).

Treatment Plan

Drug Administration. Lonidamine was administered p.o. in three
divided daily doses (morning, afternoon, bedtime). The a.m. dose, on
hyperthermia treatment days, was given 2 h prior to the initiation of
WBH. The drug is known to develop steady-state levels (18, 19); it is
given in divided doses to minimize toxicity. The half-life of the drug is
~14h(18, 19).

Patients were entered into three successive escalating drug groups:
Group A, 60 mg/m2; Group B, 180 mg/m2; and Group C, 360 mg/m2
(see Table 1). The choice of 360 mg/m2 for Group C was based on the
current consensus in clinical trials that doses of LON >330 mg/m2 are
in a therapeutic range." Drug was provided by Inter America Pharma

ceuticals, Ltd., Evansville, IN.
Induction Therapy (see Fig. 1). Patients entered on study underwent

one WBH treatment (Day 1) at 41.0Â°Cfor 85 min without LON; on
Day 3 daily LON was begun. Wk 2 the patient had a second 41.0Â°C
WBH treatment (85 min). Wk 3 the patient had two 41.0Â°CWBH

treatments. If progressive disease (>25% increase in measurable or
Ã©valuabledisease) did not occur during the following 2-wk period, on
wk 6 the patient then underwent one 41.8Â°CWBH treatment (75 min);
on wk 7 the patient then had two 41.8Â°CWBH treatments with -68 h

rest between treatments.
Following induction therapy as described above, patients were ree-

valuated after 2 wk (while remaining on LON). Patients with stable
disease or improvement were continued on maintenance therapy: con
tinuous daily LON plus two WBH treatments/wk every 3 to 4 wk.

The above plan incorporates a strategy which evaluates the potential
toxicity of two different WBH treatment doses (i.e., 41.0Â°Cfor 85 min
and 41.8Â°Cfor 75 min) given at differing frequencies (once a wk versus

twice a wk) in the same patient. Additionally three different drug levels
were evaluated. The time at target temperature (i.e., 41Â°Cand 41.8'C)

was slightly different (i.e., 15 min) to produce approximately equivalent
periods of sedation for each temperature, as potential side effects, e.g.,
vomiting post-WBH, may relate to the time of sedation.

LON Drug Levels. Drug levels were drawn from patients after
receiving LON for at least 4 wk. LON samples were drawn for plasma
levels on the day of 41.8Â°CWBH, pre-a.m. dose, 1 h post-a.m. dose,

and 2 h post-a.m. dose. The same samples were drawn 24 and 48 h
post-WBH. Plasma levels were obtained from 3 patients in Group A,
2 patients in Group B, and 9 patients in Group C. (Patients were
maintained on continuous p.o. LON during the study; thus, elimination
kinetic drug studies could not be done.)

Quantification of plasma LON content was accomplished by high-
performance liquid chromatography of plasma extracts. Aliquots of
sonicated plasma, 1 ml, were transferred to glass tubes, and 5 ng of AF
1312/TS were added to each as an internal standard. Samples were
acidified by the addition of 0.4 ml of N HCI and extracted with 5 ml of
ethyl acetate. After vigorous vortexing and centrifugation, the ethyl
acetate supernatant was aspirated and transferred to a conical tube.
The aqueous phase of each sample was reextracted with 3 ml of ethyl
acetate, and the tube was again mixed and centrifuged. The supernatant

' Dr. Roger Newton, Medical Director (USA), Inter America Pharmaceuticals,

Ltd., personal communication.
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Week ;
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Day 1
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Day 8
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Day 3
LON
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Ã•

No HBH
Continue on LON

No WBH
Continue on LON
Progression Â»off study
No progression â€¢¿�proceed to Week 6

Day 36

Ueek 6 1

Day 43 Day 46

Week 7 l i

Meek 8

No WBH
Continue on LON

Week 9

Patient evaluation

Progression Â»off study
No progression - maintenance program (same as week 7)

every 3-4 weeks until progressive disease is observed + off
study

LON = Lonidamine, continuous oral dose, while on study

Group A = 60 mg/m' (3 patients)
Group B = 180 mg/m1 (3 patients)
Group C = 360 mg/m2 (17 patients)

4 = 41.0'C x 85 min, WBH
i = 11.8Â°C x 75 min, WBH

Fig. 1. Treatment schema.

from the second extraction was added to the conical tube, and the
combined fractions were evaporated to dryness under a nitrogen stream.
The residue was reconstituted in 0.2 ml of acetonitrile. A standard
curve was also constructed for each assay by adding known amounts of
pure LON to pretherapy plasma, which was handled in an identical
fashion to the samples. This method is similar to that of Leclaire et al.
(20) in which diethyl ether was the extracting solvent.

LON [AF 1890; diclondazolic acid; l-(2,4-dichlorobenzyl)-l//-in-
dazole carboxylic acid] and the internal standard, dechlorolonidamine
(AF 1312/TS), were obtained from Inter America Pharmaceuticals,
Ltd., Evansville, IN. High-performance liquid chromatography-grade
acetonitrile, water, and ethyl acetate, and reagent-grade glacial acetic
acid, hydrochloric acid, sodium hydroxide, and anhydrous nitrogen
were utilized.

The Chromatographie apparatus consisted of a Gilson gradient sys
tem with a 7125 Rheodyne injector fitted with a 50-Â¿tlloop and equipped
with a variable wavelength spectrophotometric detector (Gilson Medi
cal Electronics, Inc., Middleton, WI). The solid phase was a Cis-Radial-
PAK column contained in a Z-Module radial compression device
(Waters Chromatography Division, Millipore Corp., Milford, MA).
Analytes were eluted isocratically with acetonitrile:0. l Msodium acetate
buffer, pH 3.5 (65:35) at a How rate of 2.0 ml/min. LON and AF 1312/
TS were detected by absorbance at 300 nm, and peaks were integrated
and reported via the DataMaster package through a microcomputer
(Gilson Medical Electronics, Inc., Middleton, WI). The limit of detec
tion was 0.2 Mg/ml. Retention times for LON and AF 1312/TS were
3.8 to 4.3 and 3.1 to 3.4 min, respectively, and capacity (*') values were

1.53 and 1.0. The specified conditions permitted complete resolution
of lonidamine and AF 1312/TS in every case.

Patient Evaluation. Criteria for toxicity, disease progression, as well
as complete and partial responses were based on ECOG criteria (16),
(the definition of disease stabilization and improvement is defined in
Table 4). Patients were evaluated with full hematological profiles 24 h
pre-WBH, at peak temperature, and 24 and 48 h post-WBH. Serum
chemistry studies were performed pre- and 24 and 48 h post-WBH; in

addition, serum glucose and electrolytes were assayed at peak WBH
temperature.

Analysis on hematological and blood chemistry data was performed
using the Wisar data system (21). Data were pooled by dose level and
treatment temperature prior to statistical analysis rendering mean,
median, standard error of the mean, and coefficient of variance.

Studies relating to tumor response were repeated on at least a
monthly basis.

RESULTS

WBH: Physiology and Toxicity. This study encompassed a
total of 93 WBH treatments at 41.0Â°Cand 105 treatments at
41.8Â°C.Fig. 2 shows typical physiological data for a 41.8Â°C

treatment.
No acute toxicity was observed during WBH. Three patients

were observed to have uncoupled premature ventricular con
tractions which disappeared with the administration of addi
tional lidocaine. One patient was observed to have an atypical
blood pressure response during her first WBH treatment, i.e.,
a narrowing of pulse pressure with a systolic blood pressure
greater than 160 and a diastolic greater than 110 mm/Hg.
Review of this patient's entry cardiac multigated acquisition

scan revealed that the patient was not properly exercised during
her pretreatment evaluation. A repeat exercise scan demon
strated this patient was ineligible for study due to intrinsic
organic heart disease. This patient was taken off study.

Post hyperthermia, five patients exhibited fatigue and leth
argy which cleared at 24 to 48 h. Five patients had headaches
during the first 6 h post-WBH. Five patients were observed to
have vomiting approximately 3 h post hyperthermia associated
with minimal nausea. (This phenomenon is related to thiopen-
tal-induced gastric stasis and is responsive to the administration
of metoclopramide.) All vomiting subsided within 12 h post
hyperthermia. Three patients experienced post hyperthermia
fevers. Seven episodes of post hyperthermia herpes simplex
involving the lips of 7 patients were observed. These episodes
were self limited; all of these patients had a prior history of
recurrent cold sores. One patient was observed to have hiccups
in a period approximately 3 h post hyperthermia. Two patients
developed heel discomfort post-WBH lasting â€”¿�12h; this was
not associated with skin breakdown. We observed 7 episodes of
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Fig. 2. Typical physiological data collected from a patient (Group C/LON,
360 mg/m2) undergoing 41.8"C systemic hyperthermia. The patient received p.o.
lonidamine 2 h prior to the initiation of hyperthermia. Resp. respiration; III',
blood pressure; Esoph, esophagus.
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hypotension within the first 6 h post-WBH (systolic blood
pressure >60 to 80); these patients were not symptomatic; blood
pressure corrected immediately with the administration of nor
mal saline. We observed 2 episodes of urinary tract infection in
2 female patients. One patient (Table 4; 50/M) developed calf
thrombophlebitis post-WBH documented by venogram. The
development of this complication post-WBH (in this lung can
cer patient) correlated with an improvement in the patient's

chest X-ray. We conjectured that the thrombophlebitis might
be the result of a "tumor-lysis" syndrome. The patient's phle

bitis resolved on heparin therapy. This patient received all
future WBH treatments (i.e., 8 treatments) on i.v. heparin (1500
i.v. units/h). The patient remained on low dose s.c. heparin
between WBH treatments; no further problems related to
thrombophlebitis occurred.

Hematological and Serum Chemistry Studies. Monitoring of
hematological and chemistry profiles which included a complete
blood count with a differential white blood cell count, pro-

thrombin time, partial thromboplastin time, liver function tests,
electrolytes, serum Ca2+ and Mg2+ as well as creatine phospho-

kinase pre- and post-LON administration revealed no major
alterations. Similarly, WBH (at 41.0Â°Cfor 85 min or 41.8Â°C

for 75 min) had no effect on these values alone or in combina
tion with LON at any of the drug levels post-WBH at 24 and

48 h. The results observed were consistent with previously
reported laboratory values for comparable WBH treatments at
41 or 41.8Â°Cat comparable treatment times, i.e., time at target

temperature (17). A rise in serum glucose was noted at the time
of peak temperature (17).

To illustrate typical data obtained in this study, Table 2
presents the laboratory values of all patients on 360 mg/m2 of
LON prior to, during, and after 41.8Â°CWBH.

LON Toxicity Â±WBH. The toxicities observed with the
administration of LON in 23 patients (without WBH) are

summarized in Table 3. In no instance did the addition of WBH
to LON increase the grade of toxicity.

It is of interest to note that many of the symptoms observed
in these patients resolved after a period of 5 wk. Two patients
required dose reductions (20 to 30%) for severe myalgias; one
patient required a dose reduction (25%) for central nervous
system toxicity (i.e., anxiety, diminished concentration, depres
sion, and photophobia).

Response Data. A summary of disease response data is con
tained in Table 4. It should be noted that one patient with
nodular lymphoma was first entered in Group A (60 mg/m2)

and had no response to therapy.
This patient was restaged and escalated to Group B (180 mg/

m2). A response was not achieved during the first four WBH
treatments at 41.0Â°C;however, the patient did respond and
achieve a PR when treated at 41.8Â°C.

LON Drug Levels. It was found that the mean plasma level
(prior to the a.m. dose) for 60, 180, and 360 mg/m2 (SEM) was

1.27 Â±0.07 Mg/ml, 3.05 Â±0.25 ng/ml), and 5.13 Â±1.75 pg/
ml, respectively. A plot of drug dose versus serum level of these
data produces a straight line passing through 0 (data not
shown).

Fig. 3 presents data showing the percentage of change in
LON serum levels 1 and 2 h after the a.m. dose of the drug.
The figure compares levels pre- and post (Days 1 and 2)-WBH.

The results indicate no significant difference in absorption of
elimination of LON before and after WBH (Student's t test, 2

tailed).
The steady-state levels of LON ~1 min prior to the a.m. drug

dose were not significantly different post-WBH Day 2 (P =
-0.21) and Day 3 (P = 0.24). Further, the percentage of change
in LON serum level after drug pre-WBH was not significantly
different post-WBH l h and 2 h, respectively, on Day 2 (P =
0.17; P = 0.23) and Day 3 (P = 0.77; P = 0.55).

Table 2 Selected hematology and serum chemistry values in patients receiving LON (360 mg/m2) pre- and post-41.8Â°C WBH for 75 min

Hematocrit(mL/dL)WBC

count(K%1)Platelet

<Kâ€ž¿�DPT(s)PTT(s)Calcium

(mG/dL)Magnesium

(mG/dL)PO4

(mG/dL)BilirubinAlkaline

phosphatase(units/liter)LDH

(units/liter)Glucose

(mG/dL)Total

protein(g/dL)Albumin

(g/dL)BUN

(mG/dL)Creatinine

(mG/dL)24

hpre-WBH36.5
Â±0.3 (n =102)Â°6.9

Â±0.3 (n =102)310.2

Â±16.6(71 =98)12.1

Â±0.1 (n =96)24.9

Â±0.3 (n =96)9.2

Â±0.04 (n =98)1.9

Â±0.02 (n =89)3.9

Â±0.1(n =98)0.4

Â±0.02 (n =98)113.7Â±4.0(n

=98)206.0

Â±10.6 (n =97)103.7

Â±2.3 (n =98)6.9

Â±0.1(n =98)3.8

Â±0.04 (n =98)12.8

Â±0.5(n =98)1.0Â±0.03(n

= 98)Peak

temperature,
41.8'C 24 h post-WBH35.0

Â±0.3 (n = 105) 34.6 Â±0.3 (n =103)5.4

Â±0.5 (n = 105) 6.8 Â±0.2 (n =103)316.8

Â±16.7 (n = 102) 274.8 Â±14.4 (n =102)12.4

Â±0. 1 (n= 102) 12.3 Â±0.1 (n =103)24.6

Â±0.3 (n = 102) 26.0 Â±0.3 (n =103)9.0

Â±0.04 (n=103)1.8Â±0.03(n=

100)3.7

Â±0.1 (n=102)0.6

Â±0.02 (n=103)1

15.5 Â±4.7 (n=103)232.6

Â±17.5 (n =103)302.0

Â±8.9 (n = 102) 104.3 Â±2.2 (n =103)6.4

Â±0.04 (n=103)3.5

Â±0.04 (n=102)12.1

Â±0.5(n=103)1.0Â±0.04(n=

103)48

hpost-WBH35.4

Â±0.3 (n =98)6.9

Â±0.3 (n =97)292.3

Â±15.8(n =96)12.0

Â±0.1 (n =97)25.3

Â±0.3 (n =97)9.2

Â±0.05 (n =97)1.9

Â±0.02(n =95)3.6

Â±0.1 (n =97)0.4

Â±0.03 (n =97)112.1

Â±5.0(71=97)235.8

Â±17.5(n =97)108.1

Â±2.8(71=97)6.6

Â±0.05 (TI=95)3.6

Â±0.04 (n =97)11.

5 Â±0.5 (TI=97)1.0

Â±0.03 (n = 97)
* Mean Â±SEM (n = number of treatments on which the mean value is based).
* K, thousands; PT, prothrombin time; PIT, partial thromboplastin time; LDH, lactate dehydrogenase; BUN, blood urea nitrogen.
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Table 3 Number of patients with lonidamine-related toxicity

Maximumobservedtoxicity0MyalgiasTesticular

painPhotophobiaAnorexiaUrinary

frequencyNipple
tendernessAlopeciaDiarrheaDepression/I

concentrationOtotoxicityDose60

mg/m2 (n = 3f 180 mg/m2 (n = 4) 360 mg/m2 (n = 17)Mild

Moderate Severe Mild Moderate SevereMild3

101
31

52221

225Moderate

Severe2

124

11231%

ofReso-luiion'150SOso01001000202050

" ECOG grading system (16).
* Percentage of patients in whom symptoms resolved by 5 wk without dose reduction.
c n = number of patients/treatment group.

Table 4 Patients achieving response or disease stabilization

Age/sex36/F38/M

36/MDiagnosisNodular

lymphoma, Stage
IVAdenocarcinoma

urachus
Adenocarcinoma of the ap

pendixLON

dose
(mg/m2)180180

180ResponsePRrPRTime

to
progression

(days)365275142MiscellaneouscommentsTreated
at 60 mg/m2

â€”¿�Â»no response;
PR after 180
mg/m2 and 41. 8'C

WBHPR

documented by
exploratory lapa-
rotomy

26/F

54/M
50/M
33/F
55/F

50/M

Primary hepatic adenocarci
noma

Malignant melanoma
Adenocarcinoma, colon
Ovarian
Adenocarcinoma, lung

Adenocarcinoma, lung

360

360
360
360
360

360

DS

I
DS
DS
CR

233

86
150
118
531

147

Malignant effusion +
nodules in right
lung field

11, improvement, i.e., response less than PR; DS, disease stabilization -100 days.

Day I
(PreWBHl

Day 2
(24hrsPostWBH)

Day3
(48hrsPostWBH)

Hours Post A.M. LON Dose

Fig. 3. Plasma LON levels of patients pre- and post-WBH. Data are as pooled
from 3 patients at 60 mg/m2, 2 patients at 180 mg/m2, and 9 patients at 360 mg/
m2. Day 1 shows the percentage of change in serum level (Â±SEM) 1 and 2 h
post-a.m. drug dose (drug given as indicated: Lj) â€”¿�2.5h prior to hyperthermia
(WBH). The same data 24 h and 48 h post hyperthermia, normalized to Day 1,
Time 0, are also shown. The figure shows that WBH has no significant effect on
the pharmacokinetics of p.o. administered LON.

DISCUSSION

The results obtained in this Phase I study combining LON
and WBH are consistent with our earlier reports which suggest
that the use of radiant heat, coupled with a defined pharmaco
logical approach, provides a relatively nontoxic system for the
application of WBH in carefully selected patients. As has been
our experience with other studies (22-25), patients were found
to tolerate 2 WBH treatments in a given week with as little as
60 h between treatments. Publications contrasting the radiant
heat system to other WBH methodologies are contained in the
literature (1, 4, 17).

Although at the onset of study we anticipated WBH aggra

vating LON side effects, this was not found to be the case. The
disappearance of symptoms post-WBH may have been coinci
dent to the patients accommodating to drug as a function of
time. In this regard, it is noteworthy that we found no indication
that LON plasma levels were affected by WBH as shown in
Fig. 1. The LON plasma levels obtained in this study are
consistent with the literature. Further, we found that, if one
plots the a.m. plasma drug level as a function of LON dose,
one obtains a straight line passing through 0, as well as a value
for 430 mg/m2, obtained in other studies not involving WBH.
Parenthetically, a dose level of 430 mg/m2, in another study,

has been relatively toxic at our institution requiring a dose
modification in 50% of patients.

Because of the toxicity seen at 430 mg/m2, and because it

was our impression at the time the study was initiated that a
dose of ~200 mg/m2 was probably therapeutic, the maximum
dose planned in this study was 360 mg/m2. [Similarly, a national

ECOG Phase II study (EST 1186) in breast cancer has currently
closed in which the maximum dose administered was planned
at 340 mg/m2.] In this regard, clinical responses were observed
in all three patients at a dose level of 180 mg/m2. One patient

at this level is of particular interest. This patient with advanced
nodular lymphoma had no response to LON at 60 mg/m2 with
41Â°or 41.8Â°CWBH. The patient did not respond to LON at
180 mg/m2 alone or with 41"C WBH, but did have a significant
response (i.e., a PR) with 41.8Â°CWBH. Thus, it is our impres

sion that it was the combination of LON with WBH at the
higher temperature which was required for this response.
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Another patient of interest entered a CR after WBH Treat
ment 11. The patient received 10 additional treatments as part
of maintenance therapy. The patient was then maintained on
daily LON at 360 mg/m2. The patient had a biopsy-proven

relapse after remaining in a complete remission for 12 mo. We
attempted to reinduce the patient with 4 additional 41.8Â°C

WBH treatments in conjunction with LON without success.
Taken collectively we believe the results of this study dem

onstrate the feasibility of combining WBH and LON. The
results of this study allow no conclusion regarding the clinical
efficacy of the combination of WBH and LON versus either
modality alone. The clinical activity observed, however, clearly
justifies Phase II and/or Phase III studies in which questions
relating to therapeutic value can be addressed. Beyond this, the
minimal toxicity observed, including no indication of myelo-
suppression, suggests the potential for combining WBH-LON
with clinical programs involving ionizing irradiation and/or
cytotoxic chemotherapeutic agents.
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