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Summary. Salivary and plasma concentrations of hexa-
methylene bisacetamide (HMBA) were studied to determine
(1) how the concentrations of HMBA achieved in saliva
compared with those required to induce differentiation in
vitro, and (2) whether saliva might substitute for plasma as
a biologic fluid on which to base dosage adjustment. Plas-
ma and expectorated saliva were collected concomitantly
from 16 patients receiving 5-day continuous infusions of
HMBA. The concentrations of HMBA in each fluid were
determined by gas chromatography. The patients display-
ed a range of periodontal disease from gingivitis to com-
plete edentia, but periodontal disease status did not appear
to influence the salivary behavior of HMBA, which mir-
rored that of the drug in plasma, with concentrations of
HMBA increasing in both fluids during the first 12—-16 h
of infusion. Between 24 and 120 h, HMBA concentrations
in saliva and plasma remained constant. In some patients,
salivary HMBA concentrations lagged behind those in
plasma during the first 6—8 h of infusion, but after that the
salivary HMBA concentrations approximated those in the
plasma. Salivary concentrations of HMBA between 0.96
and 2.56 mM were associated with nontoxic plasma con-
centrations of HMBA. Therefore, in patients with restrict-
ed venous access, saliva might be a suitable substitute for
plasma if adaptive control-dosing schemes for HMBA are
employed. Moreover, the concentrations of HMBA in sali-
va bathing the oral cavity are quantitatively comparable to
those required for induction of cell differentiation in vitro.

Introduction

Hexamethylene bisacetamide (HMBA, NSC 95580) in-
duces in vitro morphological and functional differentia-
tion of murine and human leukemic and solid tumor cell
lines [7, 12, 15, 17, 19, 22-27, 30, 33]. Among the class of
agents that have the potential for inducing the differentia-
tion of tumor cells and that represent an exciting and nov-
el approach to the chemotherapy of neoplasia [1, 3, 21, 29,
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31, 32], HMBA has a number of characteristics which ren-
der it of great potential clinical use {4]. HMBA was select-
ed for introduction into clinical trials because, of a series
of bisacetamides tested, it possessed the maximal differen-
tiation potency [24-27, 33]. In addition, clinical and phar-
macokinetic studies have documented the ability to
achieve and maintain concentrations of HMBA in plasma
equal to those required for the induction of differentiation
in vitro [9, 20, 28, 34]. However, adverse effects have been
associated with its administration to humans [9, 20, 28, 34].
At HMBA dosages greater than or equal to 33.6 g/m? per
day, metabolic acidosis and neurotoxicity occur as dose-li-
miting toxicities, and platelet count suppression, although
not always dose-limiting, also occurs [9, 20, 28, 34]. In
view of our documentation of the relationship between
plasma concentrations of HMBA and these toxic conse-
quences [9], we have carefully characterized the pharmaco-
kinetics of HMBA and its metabolites [5, 9-11] and have
used these studies to develop an adaptive control algo-
rithm for dosage adjustment [13, 14]. This strategy, which
relies on knowledge of plasma concentrations of the drug,
allows careful control of such concentrations and mainte-
nance of maximally tolerable, nontoxic concentrations of
HMBA. The investigation of salivary concentrations of
HMBA and their relationship to plasma concentrations
was undertaken in part to see if salivary samples could
substitute for plasma samples as a basis for dosage adjust-
ment. The second major impetus for these studies was our
belief that HMBA might play a role in the treatment of
premalignant lesions, such as leukoplakia, and that knowl-
edge of its behavior in saliva would be important data
to elicit before clinical trials in leukoplakia could be
undertaken.

Materials and methods

Patient selection and evaluation. All patients entered into
this study had histological proof of malignant disease for
which conventional chemotherapy had proven ineffective
and for which no other investigational therapy with estab-
lished efficacy was available. All patients had a minimal
life expectancy of a least 12 weeks and a Karnofsky per-
formance status of at least 60%. They were at least 4 weeks
removed from previous radiotherapy and chemotherapy
(8 weeks for agents with delayed hematological toxicity, such
as mitomycin C or nitrosoureas). All patients had adequate
bone marrow function (WBC count >3,500/ul and plate-
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let count >100,000/ul), adequate liver function (bilirubin
less than 1.5 mg/dl), and adequate renal function (creati-
nine clearance = 40 ml/min). No patient with unstable
medical or psychiatric disease nor with cerebral metastases
or history of seizure disorder was admitted to the study.
Baseline and follow-up studies were as described in a
previously published phase I trial of HMBA carried out at
our institution [9]. Periodontal disease status was deter-
mined with standard criteria [8]. Before entry into this
study, the investigational nature of the treatment was ex-
plained to each patient and an informed consent, ap-
proved by the Institutional Review Board, was signed.

Drug schedule and administration. HMBA was supplied by
the Investigational Drug Branch of the National Cancer
Institute (Bethesda, Md). Each 500-ml bottle contained
25 g HMBA as a solution in 0.5 W. HMBA was given as a
5-day continuous infusion through a free-flowing periph-
eral or central venous catheter. The rate of HMBA infu-

sion was controlled by a Travenol Flo-Gard 8000 volumet-
ric infusion pump (Travenol Laboratories, Inc., Deerfield,
Ill). The starting dose was 24 g/m? per day. If necessary,
doses were adjusted daily to achieve plasma steady-state
HMBA concentrations of 1.5-2.7 mM. Dosage modifica-
tion was accomplished with an M.A.P.-Bayesian adaptive
control algorithm developed with data from our previous
phase I studies of HMBA (9, 13, 14).

Sample acquisition. Heparinized blood samples were ob-
tained before and at 30 min, 1, 2, 4, 6, 12, 16, 24, 48, 72,
96, and 120 h into the infusion. Blood samples were centri-
fuged at 1000 g for 10 min, and the resulting supernatant
plasmas were immediately removed and stored at 0-4°C
until analyzed. Unstimulated, expectorated saliva samples
were collected concomitantly with blood samples and were
stored similarly. There were no consistent relationships be-
tween sample collection and time of day, meals, or fluid
ingestion.
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Fig. 1. Concentrations of HMBA in plasma (A) and saliva (O) of four representative patients during the first 24 h of 5-day infusions of
HMBA. Concentrations of HMBA in each fluid were determined by gas chromatography as described in Material and methods. Points

represent the means of duplicate determinations



Gas chromatographic analysis of HMBA. The method of
analysis was a modification of those methods previously
described [9, 18]. Briefly, 100 ul plasma or saliva was
mixed with 5 ul I mg/ml pentamethylene bisacetamide in-
ternal standard and 500 ul absolute methanol in polyprop-
ylene microcentrifuge tubes. The mixture was then centri-
fuged at 12,000 g for 5 min. A 1.5-ul portion of the re-
sulting supernatant solution was injected onto the gas
chromatograph.

The gas chromatographic system used a Hewlett-Pack-
ard 5840A gas chromatograph and a 6-foot x 2 mm (inner
diameter) glass column packed with 3% SP-2250DB on
100/120 mesh Supelcoport (Supelco, Bellefonte, Pa). The
oven temperature was maintained at 220° C, the injection
port temperature was 255° C, and the detector temperature
was 275° C. A nitrogen-phosphorus selective detector was
used with a hydrogen flow rate of 3 ml/min, an air flow
rate of 90 ml/min, and a bead voltage of 16~18 V. Nitro-
gen (30 ml/min) was used as a carrier gas. Concentrations
of HMBA were determined by comparison of the area of
the HMBA peak with that of the internal standard peak in
each sample. Under these conditions, excellent separation
of HMBA and internal standard was obtained, and no en-
dogenous substances in plasma or saliva interfered with
the determinations. The quantitative aspects of this assay
in our laboratory have previously been published [9].

Results

Pharmacokinetic studies were carried out on 16 patients.
The behaviour of HMBA in saliva mirrored that of the
drug in plasma (Fig. 1). Concentrations of HMBA in both
body fluids increased during the first 12—16 h of the infu-
sion. Thereafter both salivary and plasma HMBA concen-
trations remained constant. In some patients there was a
disparity between the salivary and plasma concentrations
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Fig. 2. Relationship of concentrations of HMBA in saliva to those

in plasma during the 5-day infusion of HMBA. Points represent
the means + SE of 16 patients
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of HMBA that were measured early in the infusion
(Fig. 1). In these patients, salivary concentrations of the
drug were less than those in plasma, but within 8 h the sal-
ivary concentrations of HMBA in all patients approximat-
ed those in plasma (Figs. 1 and 2). Quantitatively, salivary
concentrations of HMBA between 0.96 and 2.56 m M were
associated with clinically tolerated plasma concentrations.

Discussion

Our previous experience with the cellular differentiating
agent HMBA raised two issues which led us to pursue the
present salivary studies. Earlier phase I studies had shown
that neurotoxicity and acidosis were not observed in pa-
tients with plasma drug concentrations <2mM [9, 20,
28, 34]but that significant interindividual differences existed
in the plasma HMBA concentrations obtained in a popu-
lation of patients receiving the same dosage [9, 28]. This
led us to implement a study in which the dosing of individ-
ual patients was adjusted to achieve a maximally tolerable
plasma concentration, rather than using a population-
based maximally tolerated dosage [13, 14]. An essential
component of such a dosing scheme was the ability to de-
termine plasma concentrations of HMBA rapidly and eas-
ily. The second reason for defining salivary concentrations
of HMBA involved the potential use of this compound in
premalignant or malignant lesions of the oral cavity. The
results presented have important implications with regard
to each of these issues. We have shown that saliva can
serve as a reasonable substitute for plasma to assay and
guide adaptive control dosing of HMBA. Possibly of more
importance is the documentation of salivary HMBA con-
centrations of 1-2.6 mM, i.e., concentrations known to
have in vitro activity, in patients receiving nontoxic doses.
At present we are attempting to explore each of these ob-
servations in terms of the situations in which they were
made.

The degree of ulceration associated with the periodon-
tal disease status in these patients may have contributed to
some variation in salivary levels of HMBA. The crevicular
fluid within the space between the gingival epithelium and
the tooth can serve as a means by which serum compo-
nents can mix with whole saliva. Considerable data have
been published documenting crevicular levels of antibotics
given systemically [2, 6, 16] and have shown that a dispari-
ty between serum and crevicular antibotic concentrations
may exist under certain conditions. At the time of whole
saliva collection, the 16 patients in this study displayed pe-
riodontal disease states that ranged from gingivitis only to
complete edentia. Knowing that an ulcerated periodontal
epithelium could represent a site for the entry of systemi-
cally given agents into the oral cavity, we considered
whether some of the variation in the data reported in this
study might be attributed to interpatient differences in pe-
riodontal disease status. However, the fact that the salivary
concentrations of HMBA in edentulous patients were re-
producible and comparable to those in plasma reduces the
likelihood of this explanation. Given the low molecular
weight and relatively nonpolar nature of HMBA, free dif-
fusion across cells and through salivary gland structures is
possible. Alternatively, the potential exists for an efficient
acinar transport system. These issues are intriguing and
may merit further investigation.
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