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Summary. A series of eight human ovarian cancer lines
grown in nude mice were used to compare the activity of
hexamethylmelamine (HMM) and N?, N* N’-trihydroxy
methyl- N, N, N°-trimethylmelamine (trimelamol). The tu-
mor lines differed in histological subtype and growth rate.
The drugs were administered i.p. at the maximum tolerat-
ed dose at alternate days. Differences in volume of treated
and control tumors were endpoints of the study. The tu-
mor lines varied widely in sensitivity to HMM and in four
lines a T/C% below 25% was achieved. Trimelamol ap-
peared to be more active than HMM and achieved a T/C
below 25% in seven tumor lines. Thus far, the drug has de-
monstrated significant activity in a phase I trial in ovarian
cancer patients. Comparative clinical studies of HMM vs
trimelamol have not yet been performed.

Introduction

Hexamethylmelamine [HMM, Fig. 1], a synthetic S-tria-
zine compound, has demonstrated activity against several
experimental tumor systems, such as the Crocker mouse
sarcoma and the Walker 256 rat carcinosarcoma [5, 15].
The drug was introduced into clinical practice in 1964, and
responses were reported in a variety of human tumor
types, including cancer of the lung, ovary, cervix, breast,
and lymphomas [15]. In particular, its activity in alkylating
agent-refractory ovarian cancer [2, 12] led to the use of
HMM in combination chemotherapy in ovarian cancer
patients [17, 20].

Dose-limiting side effects of HMM manifest as gas-
trointestinal toxicity, which seems to be dose-related and
occurs in 50%—70% of treated patients [15]. Less frequent
side effects are hematological toxicity and peripheral neu-
ropathy. Because of its poor water solubility, HMM needs
to be administered p.o.

In a search for water-soluble HMM analogues with an-
titumor activity, two derivatives were selected as potential
candidates for clinical trials using the i.v. route of admin-
istration [8]. The first HMM analogue to be studied clin-
ically was the monodemethylated derivative pentamethyl-
melamine (PMM, Fig. 1). Phase I trials with PMM re-
vealed its severe gastrointestinal toxicity and frequent cen-
tral nervous system disturbances, because of which the
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Fig. 1. Chemical structures of hexamethylmelamine, its mono-
demethylated derivative pentamethylmelamine and N2, N/,
N*26_trihydroxymethyl- N2, N*, N-trimethylmelamine (trimelamol)

compound was excluded from further clinical investiga-
tion [6, 11, 16, 19].

In the present study, we report on the activity of the
second water-soluble, but less stable HMM analogue,
N?,N*, N*-trihydroxymethyl- N°, N¥, N%trimethylmelamine
(trimelamol, Fig. 1) in a series of human ovarian cancer
xenografts. The efficacy of trimelamol at its maximum tol-
erated dose (MTD) was compared with that of HMM. Tri-
melamol was demonstrated to have marked activity in the
human lung cancer line P246 in an earlier study [7]. As an
advantage over HMM and PMM, trimelamol dose not re-
quire metabolic activation to exert its cytotoxic action [18].



The compound is currently under clinical investigation in
a phase I trial [13]. Thus far, trimelamol has shown antitu-
mor activity in ovarian cancer patients, while it appears
less toxic than PMM.

Materials and methods

Animals and tumor lines. Female B10 LP/Cpb nude (nu/
nu) mice (TNO, Zeist, NL) were maintained in cages with
paper filter covers. Cages, covers, bedding, food and water
were changed and sterilized weekly. Animal handling was
done in a laminar down-flow hood.

The following human ovarian cancer lines were used:
Ov.Pe and Ov.He, both moderately differentiated mucin-
ous adenocarcinomas; MRI-H-207 and A 2780, both un-
differentiated adenocarcinomas; Ov.Gl, a poorly differen-
tiated and FKo, a moderately differentiated serous adeno-
carcinoma; FMa, a poorly differentiated mucinous carci-
noma (cervical origin?), and Ov.Me, a carcinosarcoma of
the ovary. MRI-H-207 was kindly provided by Dr A. E.
Bogden, Mason Research Institute, Worcester, Mass,
USA; FKo and FMa were kindly provided by Dr W.
Kleine, Albert-Ludwigs University, Freiburg, FRG; A
2780 has been described before as an ovarian cancer cell
line [10]. Tumor lines were maintained by serial s.c. trans-
plantation of tumor fragments 2-3 mm in diameter in
both flanks of 8- to 10-week-old animals.

Treatment and evaluation. HMM was used as HMM
HCI1.2H,0 in aqueous solution 5 mg/ml at pH 2.9 (kindly
provided by Dr A. Hulshoff, University of Utrecht, NL),
as described earlier [14]. Trimelamol (kindly provided by
Dr K. R. Harrap, Institute of Cancer Research, Sutton,
Surrey, GB) was dissolved in 95% glucose 5%/5% DMSO,
2.86 mg/ml at pH 8.0 just before each experiment and kept
at 4 °C until use. Single agents were injected i.p. at the
MTD on alternate days. At this MTD the mice were
allowed to lose 10%—15% of their initial weight within
1 week after the first injection [4].

In each experiment, groups of 12-18 tumor-bearing
mice were randomized is to give at least 5 animals for the
treatment group and 5 animals for the control group. At
the start of treatment tumors had a mean volume between
50 and 150 mm?>. Tumors were measured weekly in three
dimensions by the same observer with a slide caliper. The
volume was calculated by the equation length x width x
thickness x 0.5, and expressed in cubic millimeters. Be-
cause of the variation in size at the initiation of treatment,
volumes were calculated in relation to the initial tumor
volume. The relative tumor volume was expressed by the
formula V;/V,, where Vy is the volume at any given day
and V, the volume at the start of treatment. The ratio of the
mean relative volume of treated tumors over that of con-
trol tumors multiplied by 100 (T/C%) was calculated at
each evaluation. For each experiment the lowest value
within 5 weeks after the last treatment day was considered
the optimal ratio. Deaths within 2 weeks after the final in-
jection were considered as toxic deaths and these animals
were excluded from the study. Complete remission (CR)
was defined as the total disappearance of the tumors with-
out regrowth within the following month.

Statistics. Antitumor activity of HMM and trimelamol was
evaluated with Student’s #test.
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Results

In the present study we used eight human tumor lines orig-
inating from various histological subtypes of ovarian can-
cer. From Fig. 2 it is clear that their growth rates vary,
MRI-H-207 and A 2780 having the shortest tumor-dou-
bling time. For drug administration an alternate day
scBedule was chosen, in an attempt to approach the clini-
cal schedule of 2 weeks’ exposure to HMM [17, 20]. Var-
ious doses and varying numbers of injections were admin-
istered, to find the optimal schedules suitable with our cri-
teria of MTD. For HMM the MTD appeared to be
150 mg/kg i.p. on days 0, 2, 4, and 6, while for trimelamol
the MTD was 125 mg/kg i.p. on days 0, 2, 4, 6, and §.

As can be expected from the clinical situation, the pat-
tern of efficacy of HMM in the tumor lines varied from
highly sensitive to insensitive (Table 1). With this com-
pound it was possible to achieve a T/C% below 50% in all
but two tumor lines and below 25% in four tumor lines. In
MRI-H-207 a CR was reached. Trimelamol at its MTD
was even more active than HMM and a T/C% below 25%
was achieved in all but one tumor line. In each of MRI-H-
207, FMa, and Ov.Me a CR was reached. Except for one
Ov.Me tumor, none of these tumors had reappeared after 1
month. It is of interest that lower doses of HMM adminis-
tered in Ov.Me, or of trimelamol administered in Ov.Pe,
FMa, and Ov.Me were less effective than the MTD of
these compounds.

Comparison of the antitumor activity results of HMM
and trimelamol showed superior efficacy for the latter
drug in Ov.Pe, MRI-H-207, Ov.Gl, FKo, FMa, and Ov.Me
(P<0.01). The efficacy of both drugs was similar in A
2780, while Ov.He was the only tumor line with better sen-
sitivity to HMM (P<0.05).

Discussion

Using a series of human ovarian cancer lines with differ-
ences in histology and growth rate, we were able to de-
monstrate a superior efficacy of the HMM analogue tri-
melamol compared with that of the parent compound. As
previous studies in our human ovarian cancer model
showed its predictive potential and its reliability, our re-
sults may well indicate a superior antitumor potential of
trimelamol to HMM in the clinical situation.
Theoretically, there are several advantages in substitut-
ing trimelamol for HMM in the clinic. First, HMM and al-
so PMM require metabolic activation by a liver microsom-
al fraction to elicit their antitumor effects [1]. Oxidative N-
demethylation occurs in vivo and N-methylolmelamine in-
termediates are thought to be responsible for cytotoxic ac-
tivity [18]. Therefore, the direct administration of an N-
methylolmelamine such as trimelamol, would obviously
facilitate drug action. Second, in patients with gastrointes-
tinal toxicity the oral administration of HMM is unreli-
able. Moreover, the absorption of HMM results in variable
plasma concentrations [9]. With the improved water solu-
bility of trimelamol as compared to HMM, i.v. administra-
tion became possible. This should optimize serum levels of
the active agent required for an antitumor effect. Third, in
our human ovarian cancer lines trimelamol proved more
effective than HMM if administered at MTD. Our findings
in combination with the acceptable toxicity and proven
antitumor activity of trimelamol thus far observed in a
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Fig. 2. Treatment results obtained with hexamethylmelamine 150 mg/kg i.p. days 0, 2, 4, and 6 (MRI-H-207: 100 mg/kg) and trimelamol
125 mg/kg i.p. days 0, 2, 4, 6, and 8, compared with controls. The relative tumor volume is the tumor volume at any given day V;/ the

volume at the start of treatment V.
tumors

phase 1 clinical trial [13] may indicate an increased thera-
peutic index for this HMM analogue.

The activity of HMM in our human ovarian cancer
model is higher than that observed in patients. The differ-
ent routes of administration resulting in different bioavail-
abilities of the drug may not be the only factor to explain
this discrepancy. A species difference in the metabolism of
HMM may also exist with murine plasma concentrations
of active intermediates being higher than those achievable
in man. Rutty et al. [18] compared the pharmacokinetic be-
havior of PMM in man and mouse. They found a rapid
metabolism of PMM with extensive formation of N-meth-
ylolmelamines in the mouse, whereas in man PMM metab-
olism was slower, with nondetectable levels of N-methylol-

—————— , mean of relative volumes of treated tumors;

, mean of relative volumes of control

melamines. Comparison of the species difference in N-
methylolmelamine levels, pharmacokinetic behavior, and
antitumor activity of trimelamol may eventually provide a
better insight into the mechanism of action and the cyto-
toxicity of this compound.

Recently, we reported on the activity of a variety of
cisplatin analogues in our human ovarian cancer lines [3,
4]. Our findings correlated well with clinical results ob-
tained with platinum compounds in ovarian cancer. Our
model appeared highly reliable, because in a number of tu-
mor lines differing in sensitivity to cisplatin a platinum
compound with lower activity than cisplatin consistently
had reduced efficacy. The tumor lines presently used also
vary in sensitivity to HMM. With the exception of one tu-
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Table 1. Activity of hexamethylmelamine and trimelamol in a series of human ovarian cancer lines

Tumor Hexamethylmelamine Trimelamol
e Dose Treatment Optimum Toxic Dose Treatment Optimum Toxic
(mg/kg) schedule T/C%(day)?  deaths® (mg/kg) schedule T/C%(day)s  deaths®
Ov.Pe 150 q2dx4 40°  (28) 1/7 100 q2dx5 60c  (35) 0/6
125 q2dx5 19¢ (37 177
Ov.He 150 q2dx4 27¢ (33) 1/8 125 q2dx5 58¢  (27) 1/6
MRI-H-207 150 q2dx4 CRe (28) 1/6 100 q2dxS5 CRe (18) 0/7
A 2780 150 q2dx4 20¢  (10) 0/6 125 q2dx5 21 (14) 1/8
Ov.Gl 150 q2dx4 13¢ (26) 1/7 125 q2dx5 7¢ (29) 1/6
FKo 150 q2dx4 65¢ (31 2/8 125 g2dx5 8¢ (33) 1/8
FMa 150 q2dx4 1.5¢  (36) 1/5 100 q2dx5 39¢  (35) 1/9
125 q2dx5 CR¢ (38) 0/7
Ov.Me 100 q2dx7 2.1¢ (28) 1/6 100 q2dx5 16c  (27) 0/6
150 q2dx4 0.2¢  (28) 1/7 125 q2dx5 CRe (27) 1/7

a T/C%, optimal value of the mean of relative tumor volume in treated animals/mean of relative volume in control animals x 100, calcu-

lated within 5 weeks after completion of chemotherapy

b Toxic deaths include deaths occurring within 2 weeks after completion of chemotherapy and are excluded from the study
¢ Significant difference (P<0.05) between treated and control tumors evaluated with Student’s #-test; CR, complete remission

mor line, we again consistently observed superior antitu-
mor activity with trimelamol.

In conclusion, comparative activity of HMM and tri-
melamol in our human ovarian cancer model demon-
strates superiority for the latter compound. Unlike HMM,
trimelamol can be administered i.v. and does not require
metabolic activation. These data may well indicate an in-
creased therapeutic index for trimelamol in the clinical si-
tuation. Preliminary results of a phase I trial with trimela-
mol are encouraging and appear to open new perspectives
for improving treatment results in ovarian cancer patients.

References

1. Ames MM, Sanders ME, Tiede WS (1981) Metabolic activa-
tion of hexamethylmelamine and pentamethylmelamine by
liver microsomal preparations. Life Sci 29: 1591

2. Bonomi PD, Mladineo J, Morrin B, Wilbanks G, Slayton RE
(1979) Phase II trial of hexamethylmelamine in ovarian car-
cinoma resistant to alkylating agents. Cancer Treat Rep 63:
137

3. Boven E, Van der Vijgh WJF, Nauta MM, Schliiper HMM,
Pinedo HM (1985) Comparative activity and distribution
studies of five platinum analogues in nude mice bearing hu-
man ovarian carcinoma xenografts. Cancer Res 45: 86

4. Boven E, Nauta MM, Schliiper HMM, Elferink F, Van der
Vijgh WIJF, Pinedo HM (1985) Secondary screening of plati-
num compounds in human ovarian cancer xenografts in nude
mice. Eur J Cancer Clin Oncol 21: 1253

5. Buckley SM, Stock CC, Crossley ML, Rhoads CP (1952) Inhi-
bition of the Crocker mouse sarcoma 180 by certain ethyleni-
mine derivatives and related compounds. Cancer 5: 144

6. Casper ES, Gralla RJ, Lynch GR, Jones BR, Woodcock TM,
Gordon C, Kelsen DP, Young CW (1981) Phase I and phar-
macological studies of pentamethylmelamine administered by
24-hour intravenous infusion. Cancer Res 41: 1402

7. Connors TA, Cumber AJ, Ross WCJ, Clarke SA, Mitchley
BCV (1977) Regression of human lung tumor xenografts in-

10.

11.

12.

13.

14.

15.

16.

17.

18.

duced by water-soluble analogs of hexamethylmelamine. Can-
cer Treat Rep 61: 927

. Cumber AJ, Ross WCJ (1977) Analogues of hexamethylmela-

mine. The anti-neoplastic activity of derivatives with en-
hanced water solubility. Chem Biol Interact 17: 349

. D’Incalci M, Bolis G, Mangioni C, Morasca L, Garattini S

(1978) Variable oral absorption of hexamethylmelamine in
man. Cancer Treat Rep 62: 2117

Eva A, Robbins KC, Andersen PR, Srinivasan A, Tronick
SR, Reddy EP, Ellmore NW, Galen AT, Lautenberger JA,
Papas TS, Westin EH, Wong-Staal F, Gallo RC, Aaronson
SA (1982) Cellular genes analogous to retroviral onc genes are
transcribed in human tumour cells. Science 295: 116
Goldberg RS, Griffin JP, McSherry JW, Krakoff TH (1980)
Phase I study of pentamethylmelamine. Cancer Treat Rep 64:
1319

Johnson BL, Fisher RI, Bender RA, DeVita VT, Chabner BA,
Young RC (1978) Hexamethylmelamine in alkylating agent-
resistant ovarian carcinoma. Cancer 42: 2157

Judson IR, Rutty CJ, Abel G, Gumbrell L, Harrap KR, Cal-
vert AH (1985) Report on the Phase I trial of N, N?, N>-trihy-
droxymethyl- N2, N¥, N°-trimethylmelamine (trimelamol). Br J
Cancer 52: 466

Klippert PJM, Hulshoff A, Mingels MJJ, Hofman G, Noord-
hoek J (1983) Low oral bioavailability of hexamethylmela-
mine in the rat due to simultaneous hepatic and intestinal me-
tabolism. Cancer Res 43: 3160

Legha SS, Slavik M, Carter SK (1976) Hexamethylmelamine.
An evaluation in its role in the therapy of cancer. Cancer 38:
27

Muindi JRF, Newell DR, Smith IE, Harrap KR (1983) Pen-
tamethylmelamine (PMM): Phase I clinical and pharmacoki-
netic studies. Br J Cancer 47: 27

Neyt JP, Ten Bokkel Huinink WW, Van der Burg MEL, Van
Oosterom AT, Vriesendorp R, Kooyman CD, Van Lindert
ACM, Hamerlynck JVTH, Van Lent M, Van Houwelingen
JC, Pinedo HM (1984) Randomized trial comparing two com-
bination chemotherapy regimens (Hexa-CAF vs CHAP-5) in
advanced ovarian carcinoma. Lancet 2: 594

Rutty CJ, Newell DR, Muindi JRF, Harrap KR (1983) The
comparative pharmacokinetics of pentamethylmelamine in
man, rat, and mouse. Cancer Chemother Pharmacol 8: 105



128

19. Van Echo DA, Chiuten DF, Whitacre M, Aisner J, Lichten- Advanced ovarian carcinoma. A prospective clinical trial of
feld JL, Wiernik PH (1980) Phase I trial of pentamethylmela- melphalan (L-PAM) versus combination chemotherapy. N
mine in patients with previously treated malignancies. Cancer Engl J Med 299: 1261

Treat Rep 64: 1335
20. Young RC, Chabner BA, Hubbard SP, Fisher RI, Bender
RA, Anderson T, Simon RM, Canellos GP, DeVita VT (1978) Received January 10, 1986/ Accepted May 30, 1986



