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Summary. PTT.119 [p-F-phe-m-bis(2-chloroethyl)amino-L-
phe-met ethoxy HCI], a synthetic tripeptide mustard, was
evaluated for therapeutic efficacy against a spectrum of
childhood rhabdomyosarcomas (RMS) maintained as xe-
nografts in immune-deprived mice. These xenografts were
established from previously untreated tumors, and sub-
lines were selected in mice for resistance to L-phenylala-
nine mustard (L-PAM). PTT.119 caused regression of four
of six RMS lines established from untreated tumors, and
demonstrated activity similar to that of L-PAM in this
model. Against tumors Rh18/L-PAM and Rh28/L-PAM,
selected in situ for L-PAM resistance, PTT.119 had no
significant activity. Rh28/L-PAM was cross-resistant also
to oxazophosphorine mustards (ifosfamide, cyclophospha-
mide), and both tumors were cross-resistant to adriamycin
and vincristine. PTT.119 caused hematologic toxicity simi-
lar to that of L-PAM, characterized by a marked decrease
in white blood cells and thrombocytopenia.

Introduction

The identification of new agents effective in the treatment
of childhood malignancies presents problems not often as-
sociated with more frequently occurring tumors in adults.
Solid tumors in children are rare, hence preventing large,
well-controlled, randomized trials, and in most instances
new agents are studied in heavily pretreated patients,
whose tumors may be resistant to multiple agents. Further,
in the case of many childhood tumors, effective curative
therapy is available for some patients, thus precluding the
evaluation of new agents in previously untreated patients.
What is needed, therefore, is the ability to provide data
that would support evaluation of a new agent against pre-
viously untreated patients with poor prognosis, particular-
ly, when that agent had failed to demonstrate significant
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activity in phase Il evaluation against patients relapsing
on conventional therapy.

We have therefore approached this problem by devel-
oping a series of tumor models, each specific for a particu-
lar histiotype, by heterografting human tumors into im-
mune-deprived mice [9, 10]. Such xenografts appear to
parallel the sensitivity of the clinical disease, in retrospec-
tive studies [11], and in prospective studies [12]. For exam-
ple, the models of childhood rhabdomyosarcoma (RMS)
used in the current study, identify each of the clinically ef-
fective agents. Used prospectively, they have identified
L-phenylalanine mustard (melphalan, L-PAM) with very
significant activity against a high proportion of indepen-
dently derived lines [12]. The efficacy of L-PAM given at
conventional dose levels (45 mg/m?) has been demon-
strated against previously untreated, advanced RMS [6, 7],
the response rate being over 80%. These results indicate
that xenograft models, used appropriately, may be of val-
ue in prioritizing drug evaluation in the less frequently oc-
curring tumors. Despite the efficacy of L-PAM, however,
its use is limited by severe myelosuppression and the de-
velopment of resistance. We were therefore interested in
evaluating the synthetic peptide PTT.119, which had dem-
onstrated significant activity against multiple tumor lines
in vitro [16, 19] and was active against L1210 leukemic
cells selected for resistance to L-PAM [17].

Materials and methods

Immune deprivation of mice. Female CBA/Cal mice (Jack-
son Lab, Bar Harbor, Me), 4 weeks of age, were immune-
deprived by thymectomy, followed 3 weeks later by
i.p. administration of 1-B-p-arabinofuranosylcytosine
(200 mg/kg) 48 h prior to receiving whole-body irradiation
(950 cGy) using a '*’Cs source [12].

Tumor lines. Six independently derived lines from previ-
ously untreated RMS have been described previously
[6, 12]. Each tumor grows routinely in over 90% of recip-
ient mice, and all are human as determined by karyotype
and species-specific isoenzyme patterns [5, 10]. The chemo-
sensitivity of these lines has been reported previously for
conventional agents in the therapy of RMS [11] and for
L-PAM [12].

Sublines selected in situ for resistance to L-PAM have
been described elsewhere [8]. Briefly, for Rh18 and Rh28
tumors, mice were treated with a single administration of
L-PAM (13 mg/kg) for 13 and 7 passages, respectively.
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For an equivalent response in the L-PAM resistant sub-
lines a two- to threefold increase in dose was required.
Resistance was stable in the absence of drug selection
pressure.

Growth inhibition studies. Mice bearing bilateral subcu-
taneous tumors each received a single i.p. administration
of agent when tumors were 1 cm or more in diameter. Tu-
mor response was determined at 7-day intervals using dig-
ital calipers (maxcal) interfaced through an RS 232 to a
Suntronics AT microcomputer. Two perpendicular diame-
ters were used to compute volumes [12]. Growth delay was
calculated from the difference in days required for treated
tumors to grow to four fold their volume at the time of
treatment compared with vehicle-treated controls. For
each treatment group, six or seven tumor-bearing mice
were used. Relative tumor volumes were calculated from
the formula RTV = (V,/V,), where V, = volume on day x
and V, is the volume of tumor at time of treatment. To
equate responses in tumor lines that demonstrate different
rates of growth, inhibition was normalized by expressing
this as a function of tumor volume-doubling time. Mean
volume-doubling times during exponential growth for
Rh12, Rh18, Rh28, Rh30, Rh35, and Rh39 tumors were
79, 6.3, 9.9, 93, 8.0, and 13.3 days, respectively. For
L-PAM-resistant sublines of Rh18 and Rh28, doubling
times were 4.2 and 10.1 days. Grading of tumor responses
is given in Table 1; the definition of =50% regression re-
quired that each tumor within a group, at some time point
after treatment, demonstrated such a reduction in volume.

Hematologic toxicity. Immune-deprived, non-tumor-bear-
ing mice each received a single dose of PTT.119 (12.5 or
4mg/kg) or L-PAM (13 mg/kg or 4 mg/kg). Mice were
bled from the retro-orbital sinus on alternate days. White
blood cells and platelets were analyzed using a Sysmex
18A instrument.

Cytotoxic agents. L-PAM was purchased from Sigma
Chemical Co. (St. Louis, Mo), PTT.119 was supplied by
Proter S. p. A. and dissolved N,N-dimethylacetamide, ab-
solute ethanol and propylene glycol (1:1:2), the final con-
centration of vehicle being <10% v/v in saline. L-PAM
was dissolved in 1 M HCl and back-titrated with NaOH as
described elsewhere [12], after which it was made up to

Table 1. Responses® of RMS xenografts to PTT.119 and L-PAM

volume in saline. Vincristine was a gift from Eli Lilly Co.
(Indianapolis, Ind), and ifosfamide was obtained from
DCT, National Cancer Institute. Adriamycin was pur-
chased through the pharmacy at SJCRH. Dilutions were
made in saline. Each mouse received a single i.p. adminis-
tration (0.1 ml per 10 g body weight) of each agent or the
appropriate vehicle.

Results

Preliminary experiments using immune-deprived, non tu-
mor-bearing mice showed that PTT.119 and L-PAM were
equitoxic at 12.5 and 13 mg/kg, respectively (data not
shown), and that these doses were the maximum tolerated
as single administrations (LDs_g).

Efficacy against RMS xenografis

PTT.119 (10 mg/kg or 12.5 mg/kg) demonstrated marked
activity against all lines of RMS, causing complete regres-
sion of advanced tumor in Rh28, Rh30, Rh35 and Rh39.
As shown for Rh35, the rate of tumor regression was rapid
(12.5 mg/kg; Fig. 1), with no tumors regrowing during the
period of observation. At 4 mg/kg PTT.119, there was
marked activity against Rh35 and Rh30 xenografts.
PTT.119 data are summarized in Table 1, and have been
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Fig. 1. Response of Rh35 xenografts in mice receiving a single ad-
ministration of PTT.119. Lefi: growth of control (vehicle treated);
center: PTT.119 12.5 mg/kg; right: 4 mg/kg. Each curve shows
growth of an individual tumor

Agent Dose Tumor
(mg/kg)
Rhi12 Rh18 Rh28 Rh30 Rh35 Rh39
PTT.119 12.5 ND® +++ ++++++ ++++++ ++++++ ++++++
10 +++ ND ND ND ND ND
4 ++ ND +++ ++++++ ++++ ND
L-PAM- 13 +++++4+ +++ +++++ +++++ ++++++ ++++++
10 +++++ +++ ++++ +++++ +++++ 44+
4 + ND - ++++ ND +4+++

a Tumor response criteria: —, no growth inhibition; =, transient response, inhibition <Td,; +, growth inhibition =Td,; + +, growth
inhibition =2 x Td,; +-+-+, growth inhibition =3 x Td,; ++++4, growth inhibition >3 x Td, plus volume regression =>50%;
+++++, complete regression with subsequent regrowth; ++++ 4+, complete regression with no growth during the period of
observation (= 84 days). Td,, mean time for tumor volume to double

b ND, not determined

¢ Data from [12]
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Fig. 2. Responses of Rh18 and Rh28 tumors and their sublines se-

lected in situ for resistance to L-PAM. @, Control; O, L-PAM

13 mg/kg; A, PTT.119 12.5 mg/kg. Each curve represents the

mean for 12 to [4 tumors, expressed as the tumor volume relative

to its volume at time of treatment

compared with the responsiveness of these tumors to
L-PAM reported previously [12]. Against these tumors, both
agents appeared to have similar therapeutic activity,
PTT.119 being slightly more effective than L-PAM in
Rh18 tumors when both agents were tested concomitantly

(Fig. 2).
Response of L-PAM-resistant tumors

Two RMS lines selected in situ for resistance to L-PAM
were derived (Rh18/L-PAM and Rh28/L-PAM). Both
lines exhibited low-level, stable resistance to the selecting
agent. The responses of Rh18, Rh28 and their L-PAM resis-
tant lines to PTT.119 are presented in Fig. 2. Clearly there
was cross-resistance between PTT.119 and L-PAM in both
Rh18/L-PAM and Rh28/L-PAM.

Cross-resistance patterns of L-PAM-resistant xenografts

To ascertain whether L-PAM resistance and cross-resis-
tance to PTT.119 were related to an alteration in amino ac-
id uptake and hence transport of these cytotoxic agents,
the activity of oxazophosphorine mustards (cyclophospha-
mide, ifosfamide) was examined. Two unrelated agents
(adriamycin and vincristine) were examined also, as we
had noted previously that Rh28/L-PAM was cross-
resistant to VCR [8]. The data are summarized in
Table 2. Rhabdomyosarcoma lines selected for resistance
to L-PAM exhibited cross-resistance to other classes of bi-
functional alkylating agents and resistance to adriamycin
and VCR.
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Hematopoietic Toxicity
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Fig. 3. Hematologic toxicity of PTT.119 and L-PAM in non-tu-
mor-bearing immune-deprived mice. O, L-PAM; A, PTT.119.
Left panel: 13 mg/kg L-PAM, 12.5 mg/kg PTT.119; right panel:
4 mg/kg L-PAM, 4 mg/kg PTT.119. Top panels show changes in
platelet and lower panels demonstrate changes associated with pe-
ripheral white blood cells (mm?). Each point represents the mean
for three mice
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Hematologic toxicity

In immune-deprived mice not transplanted with tumor,
PTT.119 and L-PAM appeared to exert similar effects on
the hematopoietic system (Fig. 3). The WBC nadir for each
drug given at the MTD was on day 4 after administration.
Both agents caused a significant and prolonged depression
in platelets, which recovered to pretreatment levels by day
11. At the lower dose (4 mg/kg) both agents caused a de-
crease in platelets, but had little effect upon total WBC
levels.

Discussion

The tripeptide PTT.119 has been shown to have marked
cytotoxic activity in vitro [16, 19] against a number of
different tumor lines. Further, no cross-resistance to this
agent was determined in L1210/L-PAM [17]. We have
shown previously that L-PAM has high therapeutic effica-
cy against human RMS xenografts, and this has been test-
ed prospectively in children with this tumor [7, 12]. Data
indicate a high response rate in this disease [7]. At this time
it is not known why RMS is very sensitive to L-PAM, but
one possibility is that there is selective uptake due to some
increase or alteration in either the L-system or the ASC-

Table 2. Responses of RMS xenografts selected for resistance to L-PAM

L-PAM PTT.119 IFOS CTX VCR ADR
Rh18 4+ ++++ ND +++ +++ +++
Rhi8/L-PAM - - ND ND - -
Rh28 F+++++ tH+++4+ +++ ++++ +++++ e
Rh28/L-PAM ++ + - - -

2 Responses as for Table 1. Agents given in a single administration at the MTD

b Adriamycin 10 mg/kg every 7 days x 2
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system for amino acid transport [15]. As PTT.119 and
L-PAM share common transport mechanisms [15, 18] and
PTT.119 was not cross-resistant in L1210/L-PAM, it was
of interest to compare PTT.119 with L-PAM in a compre-
hensive model of childhood RMS.

At the MTD (12.5 mg/kg), PTT.119 caused complete
regression of advanced tumors established from previously
untreated xenografts (Rh28, Rh30, Rh35, Rh39). At the
lower dose (4 mg/kg), PTT.119 was slightly more effective
against Rh28 and Rh30 than was L-PAM at a similar dose.
Overall, the efficacy of these two agents was similar, sug-
gesting that PTT.119 may have clinical utility against
childhood RMS.

For PTT.119 to have a significant advantage over
L-PAM, it would be important to demonstrate activity
against L-PAM-resistant sublines of responsive RMS. Two
such lines were developed, Rh18/L-PAM and Rh28/
L-PAM. Against these tumors PTT.119 was ineffective,
however, indicating cross-resistance under these experi-
mental conditions. In addition, cross-resistance to both
cyclophosphamide and ifosfamide was determined in
Rh28/L-PAM, suggesting that resistance was not a con-
sequence of altered uptake by amino acid transport sys-
tems [8]. Further, both L-PAM-resistant lines were cross-
resistant to adriamycin, possibly implicating glutathione
metabolism in resistance [4]. Of note, also, was that
Rh28/L-PAM [8] and Rh18/L-PAM (unpublished data) are
cross-resistant to VCR. The mechanism for this cross-resis-
tance is not understood, although murine leukemia
P388/L-PAM is also cross-resistant to VCR [14].

Melphalan is limited clinically by causing severe myelo-
suppression, mainly leukopenia and thrombocytopenia,
whereas other organ toxicities are not encountered until
far higher dose levels such as are used for marrow trans-
plantation protocols are reached [13). It was thus of impor-
tance to determine whether PTT.119 and L-PAM caused
similar hematopoietic toxicities in mice. Depression of
WBC and platelets was similar for both agents both at the
MTD and at 4 mg/kg. As the mouse is a good model for
predicting toxicity in man [1-3] it would appear likely that
PTT.119 would be limited by hematologic toxicity in man.
Further studies comparing the effect of PTT.119 and
L-PAM on specific hemopoietic precursor cells in vitro
may, however, distinguish between these two agents.

In conclusion, PTT.119 is a potent agent with a high
therapeutic efficacy against xenografts of childhood RMS.
Its major toxicity in mice is hematologic, being equivalent
to that of L-PAM. Against two L-PAM-resistant lines,
cross-resistance to PTT.119 was determined. These data
suggest that PTT.119 may be effective in the treatment of
childhood RMS, but may not be superior to L-PAM.

Acknowledgements. We thank Mike Straign for peripheral blood
cell measurements, and Pamela Cheshire for assistance with ani-
mal studies.

References

. Devine EP, Harrison SD Jr, Peckam JC (1977) Qualitative
and quantitative toxicity of sublethal doses of methylCCNU
in BDF, mice. Cancer Treat Rep 61: 409

2. Freireich EJ, Gehan EA, Rall DP (1966) Quantitative com-
parison of toxicity of anticancer agents in mouse, rat, ham-
ster, dog, monkey and man. Cancer Chemother Rep 50: 219

3. Goldsmith MA, Slavik M, Carter SK (1975) Quantitative pre-
diction of drug toxicity in humans from toxicology in small
and large animals. Cancer Res 35: 1354

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Hamilton TC, Winker MA, Louie KG, Batist G, Behrens BC,

Tsuruo T, Grotzinger KR, McKay WM, Young RC, Ozols
RF (1985) Augmentation of adriamycin, melphalan and cis-
platin cytotoxicity in drug-resistant and -sensitive human
ovarian carcinoma cell lines by buthionine sulfoximine medi-
ated glutathione depletion. Biochem Pharmacol 34: 2583

. Hazelton BJ, Houghton JA, Parham DM, Douglass EC, Tor-

rance PM, Holt H, Houghton PJ (1987) Characterization of
cell lines derived from xenografts of childhood rhabdomyo-
sarcoma. Cancer Res 47: 4501

. Horowitz M, Etcubanas E, Christensen M, Green A, Hough-

ton J, Houghton P (1986) Melphalan (L-PAM) a clinically ef-
fective agent for rhabdomyosarcoma (RMS) as predicted by
the xenograft model. Proc Am Soc Clin Oncol 5: 205

. Horowitz ME, Etcubanas E, Christensen M, Houghton JA,

George SL, Green AA, Houghton PJ (1988) Predictability of
pediatric thabdomyosarcoma xenografts for melphalan activi-
ty in previously untreated patients: a model for development
of cancer therapy. J Clin Oncol 6: 308

. Horton JK, Houghton PJ, Houghton JA (1987) Reciprocal

cross-resistance in human rhabdomyosarcomas selected in vi-
vo for primary resistance to vincristine and v-phenylalanine
mustard. Cancer Res 47: 6288

. Houghton JA, Taylor DM (1987) Maintenance of biological

and biochemical characteristics of human colorectal tumours
during serial passage in immune-deprived mice. Br J Cancer
37: 199

Houghton JA, Houghton PJ, Webber BL (1982) Growth and
characterization of childhood rhabdomyosarcomas as xeno-
grafts. J Natl Cancer Inst 68: 437

Houghton JA, Cook RL, Lutz PJ, Houghton PJ (1984) Child-
hood rhabdomyosarcoma xenografts: Response to DNA in-
teracting agents and agents used in current clinical therapy.
Eur J Cancer Clin Oncol 20: 955

Houghton JA, Cook RL, Lutz PJ, Houghton PJ (1985)
-Phenylalanine mustard (NSC 8806): a potential new agent in
the treatment of childhood rhabdomyosarcoma. Cancer Treat
Rep 69: 91

McElwain TJ, Hedley DW, Burton G, Clink HM, Gordon
MY, Jarman M, Juttner CA, Millar JL, Milsted RAV, Pren-
tice G, Smith IE, Spence D, Woods M (1979) Marrow auto-
transplantation accelerates haematological recovery in pa-
tients with malignant melanoma treated with high-dose mel-
phalan. Br J Cancer 40: 72

Schabel FM Jr, Skipper HE, Trader MW, Laster WR, Gris-
wold DP Jr, Corbett TH (1984) Establishment of cross-resis-
tance profiles for new agents. Cancer Treat Rep 68: 453
Vistica DT, Toal JN, Rabinowitz M (1978) Amino acid-con-
ferred protection against melphalan-characterization of mel-
phalan transport and correlation of uptake with cytotoxicity
in cultured L1210 murine leukemia cells. Biochem Pharmacol
27: 2865

Yagi MJ, Bekesi JG, Daniel MD, Holland JF, DeBarbieri A
(1984) Increased cancericidal activity of PTT.119, a new syn-
thetic bis-(2-chloroethyl)amino-L-phenylalanine derivative
with carrier amino acids. I. In vitro cytotoxicity. Cancer
Chemother Pharmacol 12: 70

Yagi MJ, Chin SE, Scanlan KJ, Holland JF, Bekesi JG (1985)
PTT.119, p-F-Phe-m-bis-(2-chloroethyl)amino-L-Phe-Met-
ethoxy HCl, a new chemotherapeutic agent active against
drug-resistant tumor cell lines. Biochem Pharmacol 34: 2347
Yagi MJ, Scanlan KJ, Holland JF, Bekesi JF (1986) Cellular
transport of PTT.119, a new chemotherapeutic agent by multi-
ple amino acid carrier systems. Proc Am Assoc Cancer Res
27:270

Yagi MJ, Zanjani M, Holland JF, Bekesi JG (1984) In-
creased cancericidal activity of PTT.119; a new synthetic
bis-(2-chloroethyl)amino-L-phenylalanine derivative with car-
rier amino acids. II. In vivo bioassay. Cancer Chemother
Pharmacol 12: 77

Received December 14, 1987/ Accepted April 5, 1988



