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A. Introduction 

Developing new therapy for treatment of 
solid tumors of childhood presents cer
tain problems that are not encountered 
frequently with adult malignancies. In 
most instances, new agents are discov
ered through a process of serendipity, 
and certainly, design based upon meta
bolic characteristics of pediatric tumors 
has not been a major focus. Compounds 
showing potential against predominantly 
murine tumors and eliciting acceptable 
toxicity in preclinical toxicologic evalua
tions progress to traditional phase-I and 
phase-II clinical evaluation in adults. In 
the United States it is rare that a new 
anticancer drug will be tested in children 
simultaneously, or before adult phase-I 
trials have been completed. At this point 
in development, the new agent may fail 
to stimulate sufficient enthusiasm to fur
ther its evaluation in childhood malig
nancies and the compound may be dis
carded. However, there is no reason to 
assume that a failure to show activity 
against certain human tumors, predomi
nantly of epithelial origin, will translate 
into a similar finding with childhood tu
mors of different origin. In fact, less than 
one in three new drugs evaluated in 
adults have received adequate testing 
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against childhood malignancies. In part, 
this is a consequence of there being rela
tively few patients, precluding large-scale 
evaluation in randomized trials. 

A second problem is that phase-II 
evaluation is conducted in children who 
have been exposed to multiple chemo
therapeutic agents and have clearly resis
tant tumors. In addition, these patients 
can usually tolerate only reduced dose 
levels of a drug. Thus, a failure to dem
onstrate activity in these patients does 
not necessarily mean that the drug may 
not be active against the same tumor 
at diagnosis. However, evaluating new 
agents in previously untreated patients is 
in most cases not possible for childhood 
malignancies, because for many tumor 
types there is available, effective, and 
sometimes curative therapy. Thus, we 
find ourselves in a dilemma: clearly, we 
require new effective agents, but tradi
tional means for identifying these are 
inadequate due to the reasons already 
gIven. 

With this perspective we have ap
proached the problem in the following 
manner. Our laboratories have been in
volved in developing preclinical models 
with the specific aim of ultimately devel
oping histiotype-specific therapy. That 
is, instead of studying "generic cancer," 
we believe that new agents can be identi
fied based upon the metabolic character
istics of particular histiotypes, or sub
types. The first step in testing such a 
hypothesis has been to develop specific 
models and to determine the relevance of 
these with respect to biologic, metabolic, 
and chemosensitivity characteristics. The 
approach we have taken is to establish 
human tumors in immune-deprived 
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mice. The models that will be dealt with 
here are rhabdomyosarcomas (RMS) of 
children and adult colon adenocarci
nomas. These two types were chosen be
cause they show quite different chemo
sensitivities and hence are of value for 
determining the relevance of this ap
proach. In addition, we have established 
xenografts of rhabdomyosarcomas at re
lapse. Clearly, for the model to be of use 
these tumors should be significantly less 
sensitive than their counterparts hetero
transplanted at diagnosis. 

Results obtained with these models in
dicate that when used intelligently, hu
man tumor xenografts may have a signif
icant role in identifying agents that 
should receive priority for evaluation in 
childhood malignancies, and such data 
may be used further to justify evaluation 
of an agent in previously untreated chil
dren (with poor prognosis), even when it 
fails to demonstrate significant activity in 
classical phase-II evaluation against re
lapse tumors. 

B. Material and Methods 

I. Immune-deprived Mice 

Four-week-old female CBA/CaJ mice 
were immune-deprived by thymectomy, 
followed at 3 weeks by total body irradi
ation (TBI; 925 cGy, 137CS source). Mice 
received either cytosine arabinoside 
(200 mg/kg) 48 h prior to TBI, or 3 x 106 

nucleated marrow cells within 6 h of TBl 
[1, 2]. Mice were housed under conven
tional conditions in a humidity- and tem
perature-controlled environment, as de
scribed previously [1, 2]. 

II. Tumor Lines and Characteristics 

Three models were used. Human colon 
adenocarcinomas were established from 
untreated primary lesions as described 
previously [2, 3]. These tumors retain 
morphologic, histologic, and karyotypic 
characteristics when grown in mice. For 
the first model of childhood RMS, lines 
were established from untreated tumor 
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material, either primary or metastatic le
sions. Characteristics of these tumors, 
histology, and karyotype have been pre
sented in detail [1, 4]. In addition, five 
lines of RMS were established from pa
tients with clearly progressive disease [5]. 

III. Experimental Design 

Tumor material was transplanted into 
mice 2 weeks after TBI. Mice received a 
single administration of agent when the 
mean tumor diameter was> 1 cm. Di
ameters were measured at 7-day inter
vals, and volumes were calculated as de
scribed previously [4]. Response criteria 
are presented in Table 1. 

c. Results 

The initial question that we posed was 
whether xenografts accurately represent
ed the chemosensitivity of the tumor type 
from which they were derived. For this 
experiment we constructed three models, 
each comprising five or six tumor lines 
from untreated RMS, RMS at relapse, or 
adult colon adenocarcinoma. Colon ade
nocarcinoma xenografts were chosen, as 
this tumor type in man is essentially re
fractory to all conventional chemothera
peutic agents. 

The responses of colon adenocar
cinoma xenografts to single maximal tol
erated dose (MTD) levels of seven agents 
are presented in Table 1. Clearly, these 
tumors in mice were poorly sensitive, 
with only methylCCNU, 5-fluorouracil, 
and cyclophosphamide showing margin
al activity. Thus, the overall responsive
ness of these tumors parallels the lack of 
response observed clinically. 

In contrast, RMS at diagnosis is a rel
atively chemosensitive tumor, and this 
sensitivity is paralleled when these tu
mors are heterografted in immune-de
prived mice. Responses to the MTD for 
known, clinically efficacious agents are 
presented in Table 2. Of particular note is 
the marked activity of vincristine, which 
at this dose level caused complete regres-



Table 1. Responses of colorectal xenografts 

Agent/tumor 

Cyclophosphamide 
Actinomycin D 
Doxorubicin 
Vincristine 
Fluorouracil 
Methyl CCNU 
cis-DDP 

Response criteria 

Tumor response 

No growth inhibition 

BR 

Transient response, inhibition < Td 2 a 

Growth inhibition ~ Td 2 
Growth inhibition ~ 2 x Td2 

Growth inhibition ~ 3 x Td2 

+++ 

+ 
+ 

++ 

± 

++ 

ELC 2 

++ 

± 
++ 

Representation 

± 
+ 
++ 

Growth inhibition ;;::: 3 x Td2 + volume regression ~ 50% 
Complete regression with subsequent regrowth 

+++ 
++++ 
+++++ 
++++++ Complete regression with no regrowth of any tumors during 

the period of observation (~84 days) 

a Td 2 , Mean time for tumor volume to double 

Table 2. Responses of childhood RMS: diagnosis 

Agent/tumor Rh12 Rh18 

Vincristine ++++++ +++ 
Cyclophosphamide ++ +++ 
Actinomycin D ++ 
Doxorubicin ++ ± 

For response criteria see Table 1 

Table 3. Ranking of agents in preclinical mod
els and clinical trials 

Drug 

Vincristine 
Cyclophosphamide 
Doxorubicin 
Actinomycin D 

a Evaluated in six lines 

Xenograft a 

(%) 

78 
44 
19 
11 

Clinic 
(%) 

59 
54 
31 
24 

Rh28 Rh30 Rh35 Rh39 

++++++ ++++++ +++++ ++ 
++++ ++ + ++++ 
++ ± 
+++ ++ 

sions in four of six tumor lines. A typical 
dose-response curve for RMS Rh12 
treated with vincristine is shown in 
Fig. 1. It will be noted that the response 
curve is steep, and a fourfold reduction in 
dose of drug is sufficient to reduce its 
effect from "curative" to not significant
ly retarding tumor growth. This relation
ship has considerable importance when 
one is considering clinically relevant lev
els of drug resistance. The order of drug 
activity, both in the model and from clin
ical studies, appears to be in good agree
ment (Table 3). 
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Fig. 1. Response ofRh12, childhood RMS, to 
increasing dose levels of vincristine (VCR). 
Mice received a single administration of VCR 
when tumors were ~ 1 cm 3 • Each curve repre
sents the mean for 14 tumors. Ordinate, tumor 
volume relative to that at treatment; abscissa, 
time after treatment (e) No treatment control; 
(0) 0.375; (A) 0.75; ( ... ) 1.5, (0) 3.0 mg/kg vin
cristine 

Table 4. Responses of childhood RMS: re-
lapse 

Agent/tumor RD LL CD Rh10 

Vincristine ++ + ± + 
Cyclophosphamide + + + 
Actinomycin D 
Doxorubicin ± ± 

Response criteria as for Table 1 

However, it was possible that the re
sponse of RMS xenografts was a conse
quence of host environment. Conse
quently, we established RMS lines from 
patients at relapse [5]. The responsive
ness of these tumors to the standard clini
cally active agents is presented in Table 4. 
These tumors were significantly less sen
sitive to treatment than were the diagno
sis specimens. These data therefore sup
port the model as retaining chemosensi
tivity typical of the tumors from which it 
was derived. 

Data derived from these models sug
gested that the RMS model for previous
ly untreated tumors may be of value in 
identifying effective agents that had not 
been evaluated against this histiotype. 
Results with mitomycin C, cis-dichloro
diamminoplatinum, DTIC, and L-phe
nylalanine mustard (L-PAM) are present
ed in Table 5 and Fig. 2 [4]. Of these 
agents L-PAM showed very significant 
activity against five of six lines, causing 
complete regression of advanced tumor 
in four lines. Further, L-PAM had a fairly 
wide dose-response relationship [6]. 

Based on these data, a phase-I/ll trial 
was initiated [7]. Initial studies showed 
that the MTD was 35 mg/m2 given every 
21 days. Pharmacokinetic profiles for L
PAM in children and in mice (Fig. 3) 
demonstrated that the area under con
centration curve (AVe) and clearance 
were similar (Table 6). However, of 13 
patients treated only one showed an ob
jective response (Table 7). The difference 
between the clinical outcome and that 
predicted by the model (for diagnosis 

Table 5. Responsiveness of xenografts of childhood rhabdomyosarcoma to DNA-reacting 
agents a 

Agent/tumor H x Rh12 H x Rh18 H x Rh28 H x Rh30 HxRh35 H x Rh39 

L-PAM +++++ +++ ++++++ +++++ ++++++ ++++++ 
Cyclophosphamide ++ +++ ++++ ++ + ++++ 
cis-DDP + ++ ++ + + ++ 
Mitomycin C + ++++ + ++++ +++++ 
DTIC + +++ +++++ ++++ +++++ +++ 

a Agents administered as a single i.p. injection at equitoxic doses 
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Fig. 2. Responses of Rh28 (left) and Rh39 (right) to DNA-interacting agents administered at the 
MTD. (From Houghton et al. [4]) 
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Fig. 3. Pharmacokinetic analysis ofL-PAM in 
children and mice. Mice received 43 mg/m2 as 
a single i. p. administration (0) and children 
received 35 mg/m2 i. v. (e). Bars indicate stan
dard deviation from the mean. (From Horo
witz et al. [7]) 

Table 6. Pharmacokinetic parameters for L
phenylalanine mustard 

Child Mouse 

AU C 175000 pg/l/min 170000 pg/l/min 
Clearance 232 mg/min/m2 235 ml/min/m2 

RMS) was probably not due to different 
pharmacokinetics, as shown in Table 6, 
but was probably related to evaluation of 
L-PAM in relapse patients with drug-re
sistant tumors. 

To test this hypothesis, a second clini
cal trial was undertaken in which L-PAM 
(45 mg/m2) was administered to children 
diagnosed as having stage-4 (disseminat
ed unresectable) RMS, for whom the 
prognosis was very poor. These patients 
have < 15% long-term survival with con
ventional treatment. For these patients 
L-PAM demonstrated very significant ac
tivity, as shown in Table 7. 

153 



Table 7. Clinical features of 26 children with rhabdomyosarcoma who were treated with melphalan 

Patient 
no. 

Age (years) 
and sex 

Histological 
classification 

Study I: Phase-II trial in previously treated patients 

1 11jF Alveolar 
2 21jM Embryonal 
3 12jM Alveolar 
4 19 jM Alveolar 
5 11jF Embryonal 
6 13jF Embryonal 
7 13jM Embryonal 
8 2jM Embryonal 
9 12jM Embryonal 

10 15jF Undifferentiated 
11 1 jF Pleomorphic 
12 15jM Alveolar 
13 16jF Alveolar 

Study II: Phase-II trial in newly diagnosed patients 

14 14jM Alveolar 
15 < 1jF Undifferentiated 
16 7 jF Embryonal 
17 8jF Embryonal 
18 4jF Embryonal 
19 5jM Embryonal 
20 2jM Embryonal 
21 19jF Alveolar 
22 9jF Embryonal 
23 7jF Embryonal 
24 3jM Alveolar 
25 14jF Alveolar 
26 3jM Embryonal 

Prior 
therapy 

VDCATR 
VDCARER 
VDCATR 
VDCATR 
VDCAPEMR 
VDCATR 
VDCATR 
VACPEBR 
VDCATR 
VDCATR 
VDCATR 
VDCATR 
VDCA 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Doses of 
melphalan 

1 
4 
2 
2 
1 
1 
1 
1 
2 
1 
1 
3 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 

Treatment response 

By site 

Lung-PD 
Lung-CR, pelvis-PR 
Pelvis-SD, bone-PD 
Bone-PD, lung-PD 
Brain-PD, lung-PD 
Chest wall-PD 
Pelvis-PD, lung-PD 
Chest wall-PD 
Lung-SD 
Chest wall-PD 
Lung-PD 
Abdomen-OR, nodes-OR, pleural effusion-PD 
Lung-PD 

Hand-PR, extremity-CR, abdomen-CR 
Extremity-PR, nodules-CR 
Head-PR 
Head-OR, lung-PD 
Pelvis-PR, pleural effusion-CR 
Head-PR 
Prostata-PR 
Pelvis-PR, CSF-CR bone marrow-CR 
Head-OR 
Head-PR 
Lung-SD 
Extremity-PR, bone-PR 
Head-PR 

Overall 

NR 
PR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

PR 
PR 
PR 
NR 
PR 
PR 
PR 
PR 
NR 
PR 
NR 
PR 
PR 

Abbreviations: A, Doxorubicin; V, vincristine; D, dactinomycin; C, cyclophosphamide; P, cisplatin; E, etoposide; T, dacarbazine; M, methotrexate; 
B, dibromodulcitol; R, radiotherapy, OR, objective response; SD, stable disease; PD, progressive disease; PR, partial response; NR, no response; 
CR, complete response; CSF, cerebrospinal fluid 



D. Discussion 

The use of human tumor xenografts is 
now being accepted as a means by which 
phase-II preclinical evaluation may be 
used to prioritize and direct clinical test
ing of new agents. This may have consid
erable impact on the identification of 
new treatments for relatively rare tumors 
in adults and for most solid tumors of 
childhood. Extensive data from a series 
of models suggest that the following 
criteria may be useful in these studies: (a) 
models should be comprehensive and 
should attempt to encompass some of the 
heterogeneity observed in the clinical dis
ease. We have routinely used six indepen
dently derived lines for each model, and 
this appears adequate; (b) response crite
ria should be similar to those used clini
cally, i. e., 50% tumor regression would 
be required at the MTD for a given 
agent; (c) to justify further evaluation of 
an agent in previously untreated, poor
prognosis patients, the agent should have 
demonstrated activity similar or superior 
to the most effective agent used in that 
disease, and in phase-I trials should have 
shown similar AUe and clearance to that 
In mIce. 

For most agents being evaluated in 
children, pharmacokinetic data from 
adults are often available. Thus, it is rel
atively easy to determine whether the 
mouse pharmacokinetics are similar to 
those that may be anticipated in children. 
Consequently, an agent that is tolerated 
in mice at dose levels that would be clear
ly toxic in man can be eliminated prior to 
trial in children. A more difficult decision 
is to move an "unknown" compound 
from the xenograft testing phase into a 
clinical trial. Under these conditions hu
man tolerance has to be defined, and 
clearly, the mouse model may either 

overpredict or underpredict for efficacy 
in human beings. However, the criteria 
discussed above appear valid in this situ
ation as well. 
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