
Abstract. Radioimmunotherapy using 131I-A5B7, an anti-
CEA antibody, in combination with the vascular disrupting
agent, combretastatin A4-phosphate (CA-4-P, 200 mg/kg),
has produced tumor cures in SW1222 colorectal xenografts.
CA-4-P causes acute tumor blood vessel shutdown, which
can be monitored in clinical trials using dynamic contrast
enhanced magnetic resonance imaging (DCE-MRI). The
purpose of this study was to determine the magnitude of
the anti-vascular effect of CA-4-P in the SW1222 tumor, at
200 mg/kg and at lower, more clinically relevant doses, using
conventional assays; relate effects to changes in DCE-MRI
parameters and determine the corresponding effects on tumor
retention of 131I-A5B7. The tumor vascular effects of 30, 100
and 200 mg/kg CA-4-P were determined, at 4- and 24-h post-
treatment, using DCE-MRI, uptake of Hoechst 33342 for
tumor vascular volume and conventional histology for necrosis.
The effect of CA-4-P on tumor and normal tissue 131I-A5B7
retention was also determined. A significant reduction in tumor
DCE-MRI kinetic parameters, the initial area under the contrast
agent concentration time curve (IAUGC) and the transfer
constant (Ktrans), was demonstrated at 4 h after CA-4-P, for all
dose levels. These effects persisted for at least 24 h for the
200 mg/kg group but not for lower doses. A similar pattern
was seen for vascular volume and necrosis. Despite this

dose response, all three dose levels increased tumor retention
of radio labeled antibody to a similar degree. These results
demonstrate that moderate tumor blood flow reduction
following antibody administration is sufficient to improve
tumor antibody retention. This is encouraging for the com-
bination of CA-4-P and 131I-A5B7 in clinical trials.

Introduction

In radioimmunotherapy (RIT), a radiolabeled antibody localizes
to a tumor-associated antigen, thus targeting radiation directly
to a tumor. 131Iodine [131I]-labeled antibodies raised against
carcinoembryonic antigen (CEA) have been used for RIT
of colorectal carcinoma in the majority of studies (1). However,
whereas high response rates and long-term remissions are
seen in radiosensitive tumors (such as non-Hodgkin's lym-
phoma) (2,3), RIT has had only limited success in solid tumors,
including colorectal carcinomas (1,4), reflecting their relative
radioresistance and the difficulty of obtaining a uniform
antibody distribution. Antibody delivery is compromised in
poorly-vascularized tumor regions and, even in well-vascu-
larized regions, antibodies may not extravasate efficiently
(5,6). Studies investigating the spatial distribution of anti-
CEA antibody show that most is retained in the outer regions
of tumors (7,8), which tend to be well perfused and where
interstitial fluid pressure is low compared with that in central
tumor regions (9).

The limited effectiveness of RIT as a single agent in
colorectal cancer has led to its investigation in combination
with other anti-cancer therapies, such as the vascular
disrupting agent, combretastatin A-4-phosphate (CA-4-P).
CA-4-P is a tubulin-binding agent that has been shown to
depolymerize microtubules of the tubulin cytoskeleton of
vascular endothelial cells in vitro and to selectively shut
down tumor blood flow in animal models in vivo, with
consequent tumor cell death (10-15). Central hemorrhagic
necrosis is observed at 24 h (10,12,16) but a viable peripheral
rim of tumor cells persists that can repopulate the tumor
centre over the ensuing days (11). Single doses of CA-4-P
produce either no or only modest tumor growth delays in animal
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models (11,12,17,18), but tumor growth delay is observed in
repeated dosing schedules and in combination with cytotoxic
agents (11,19,20) or with radiotherapy (11,21-23).

Dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) of the tissue uptake of gadopentetate dimeglumine
(Gd-DTPA) has been used in animal models and in phase I
clinical trials of vascular disrupting agents to evaluate the
extent and time course of their anti-vascular effect (24-32).
The contrast agent diffuses rapidly into the tumor extra-
vascular-extracellular space (EES), producing an increase in
signal intensity on T1-weighted images. Quantitative para-
meters relating to tissue blood flow rate, permeability surface-
area product and EES may be obtained from modeling of
contrast agent kinetics (33,34).

The combination of RIT (using the anti-CEA antibody
131I-A5B7) and CA-4-P has been tested in SW1222 colorectal
xenografts grown in nude mice: 7.4 MBq 131I-A5B7 was
administered followed by 200 mg/kg CA-4-P 48 h later (35).
The combination eradicated tumors in 5/6 mice (83%) with
no evidence of tumor re-growth when the experiment was
terminated >9 months later. When given as a single agent,
CA-4-P (200 mg/kg) had no effect on tumor growth, whereas
131I-A5B7 (7.4 MBq) alone produced significant growth
inhibition of about 35 days but no cures. The addition of
CA-4-P increased trapping of 131I-A5B7 in tumors, with an
average of 90% more radio-antibody retained at 96 h following
131I-A5B7 administration compared to controls treated with
antibody alone (35).

The combination of 131I-A5B7 and CA-4-P is thought to
be effective as a result of: a) additive cell killing of the tumor
centre by CA-4-P and the rim by 131I-A5B7, and/or b) CA-4-
P-induced enhancement of the retention of 131I-A5B7 in
tumor tissue following CA-4-P-induced vessel collapse (35).

A phase I clinical trial of the combination of 131I-A5B7
and CA-4-P has now started in patients with advanced gastro-
intestinal carcinoma. DCE-MRI is being used to measure
the acute anti-vascular response (at 4-6 h) to a single dose of
CA-4-P. The combination treatment is given a week later
(131I-A5B7 followed at 48 and 72 h by two further doses of
CA-4-P). The DCE-MRI data will be related retrospectively
to patient outcome to see if the magnitude of reduction in
DCE-MRI kinetic parameters due to CA-4-P can predict
response to the combination treatment.

Despite the good effect of the combination in animal
studies (35), the dose of CA-4-P used in the published study
was double that used in most other pre-clinical studies in
mice and there is no information on whether lower doses
(which may be more clinically relevant) are effective. Also,
there is no information on how CA-4-P dose and DCE-MRI
effects relate to antibody retention and therapeutic efficacy.
The aims of this pre-clinical study were to use DCE-MRI
to determine the dose response and time-course of CA-4-P-
induced vascular effects in a model of colorectal cancer
(SW1222 human colorectal cancer xenograft - the same model
as used in ref. 35) and to relate this information to the dose
response for radio-antibody retention. Knowledge of the
relationship between DCE-MRI parameter changes and
antibody retention will provide a rational basis for interpreting
results from the clinical trial, where therapeutic outcome
and tumor vascular effects (DCE-MRI) will be measured but

where it is not possible to measure antibody retention, and
also provide information regarding the magnitude of change
in vascular parameters that might be anticipated in the clinical
trial.

Specifically, the changes in the quantitative DCE-MRI
parameters IAUGC (mM.min) (the initial area under the
contrast agent time curve), Ktrans (min-1) (the transfer constant
for transport from plasma to tumor EES) in response to CA-4-P
were determined. The arterial input function was calculated,
as this is required for calculation of Ktrans. The spatial hetero-
geneity of IAUGC response was also investigated. In addition,
histological measures of CA-4-P effect were determined
in terms of the functional vascular volume (using Hoechst
33342) and percentage tumor necrosis, for comparison with
DCE-MRI results. 131I-A5B7 retention in tumor and normal
tissue was measured following varying doses of CA-4-P, using
standard biodistribution techniques.

Materials and methods

Mice and tumors. The human colonic adenocarcinoma cell
line SW1222 (36) was maintained in L-15 (Leibovitz) medium
(Life Technologies, UK) supplemented with 10% fetal calf
serum (Sigma, UK) plus 2 mM glutamine (Life Technologies)
and incubated in a humidified incubator at 37˚C in air-5% CO2.
Cells (5x106) were implanted subcutaneously onto the rear
dorsum of 4-8-week-old female MF1 nude mice (Harlan UK
Ltd., Bicester, UK) anaesthetized with metofane (Methoxy-
flurane, Janssen Pharmaceuticals, Ontario, Canada). This
CEA-producing xenograft forms well-defined glandular
structures around a central lumen, and secretes no measurable
CEA into the circulation (37). Animals were selected for
treatment after approximately 2-4 weeks when their tumors
reached a geometric mean diameter of 6-9 mm for DCE-MRI
and antibody biodistribution studies. All animal experiments
were performed in full compliance with government regu-
lations and UK Coordinating Committee on Cancer Research
(UKCCCR) guidelines on animal welfare and were approved
by the local Ethics Review Committee of the Gray Cancer
Institute.

CA-4-P preparation. CA-4-P was dissolved in 0.9% saline at
a concentration of 10 mg/ml.

DCE-MRI measurements. Mice were treated with either
CA-4-P (Oxigene Inc., Watertown, MA, USA) (at 30, 100 or
200 mg/kg) or 0.9% saline (control) at either 4 or 24 h prior
to imaging - making 8 treatment groups in total (6 animals
per group). One-hundred mg/kg has been used in other pre-
clinical studies (10,12,13) and 30 mg/kg was considered a
more clinically relevant dose (see Discussion). Mice were
sedated for imaging [0.3 ml/kg hypnorm [fentanyl citrate
0.315 mg/ml and fluanisone 10 mg/ml, Janssen-Cilag, UK],
intraperioneally (i.p.), diluted 1:10 with water], restrained in
a Perspex jig, then placed in a 6-cm quadrature birdcage coil
in a 4.7 Tesla Varian MR system. The temperature inside the
magnet was maintained to 35-37˚C using a hot air blower
and mouse temperature was monitored continuously via a
rectal thermocouple. After initial T1 and T2-weighted images to
select a suitable plane through the tumor centre, an inversion
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recovery sequence [echo time (TE) 10 msec, repetition time
(TR) 2420 msec, inversion times: 100, 400, 800, 1600,
2400 msec) was acquired to calculate pre-contrast tumor T1

values. A gradient echo (dynamic) sequence (TE 2.5 msec,
TR 60 msec, flip angle 70˚, field of view 40x45 mm, matrix
256x100 points, in-plane resolution 0.16x0.45 mm, 2 mm
slice thickness, time resolution 6 sec, 100 images in total)
was then acquired. Gadopentetate dimeglumine (Gd-DTPA,
Magnevist®, Schering, UK) was injected as an intravenous
(i.v.) bolus at 0.1 mmol/kg (at a concentration of 0.1 mmol/ml,
over 5 sec via an infusion pump) during the sixth acquisition.

DCE-MRI data processing. Images were processed using
Matlab version 5 (The Mathworks, Nantick, MA, USA). A
region of interest (ROI) was drawn around the tumor and a
section of muscle (as representative normal tissue), using
the initial T1-weighted image. Data were analyzed on an
individual pixel by pixel basis. The change in signal intensity
due to contrast medium accumulation in each pixel was
calculated over the imaging period. This was then converted
into T1 relaxation time changes using the method described
by Hittmair et al (38) and the concentration of Gd-DTPA
present in each ROI pixel calculated (39). The relaxivity,
r1, [the change in relaxation rate per unit of contrast agent
concentration (39)] was determined using a set of mouse
plasma reference tubes containing Gd-DPTA at varying
concentrations and calculated as 4.195 mM-1.s-1 at 35˚C
[similar to other values quoted at 4.7 Tesla (39,40)]. IAUGC
(mM.min) was calculated for the first 90-sec post-contrast
(41). A standard compartmental model (42) was used to
describe the arterial influx of Gd-DTPA into the tumor EES
and its venous efflux. This model was fitted to the dynamic
MR concentration data using the method described by Tofts
et al to obtain values for Ktrans (min-1) (33,34). Data from an
in vivo and a blood-sampling method of determining arterial
input function, Cp, were simultaneously fitted to a bi-
exponential function: Cp = D [a1e (-m

1
t) + (a2e (-m

2
t)] where D is

the dose of Gd-DTPA (mmol/kg). The values obtained for the
four parameters were: a1=10.19, a2=3.81, m1=4.65, m2=0.09.
Parameter values were calculated for each pixel and then
median values obtained for the whole ROI. Mean parameter
values for each treatment group were then calculated.

To investigate spatial heterogeneity of tumor response
to CA-4-P, mean IAUGC values were calculated for three

regions, determined by their distance from the edge of the
tumor: rim (within 4 pixel layers from the edge, corresponding
to a distance of <1 mm); intermediate (5-10 layers from the
edge, or 1-3 mm); centre (>10 layers from the edge, or >3 mm).

Histology. Tumors used for DCE-MRI imaging at 24-h post-
treatment with CA-4-P were scored for necrosis, following
staining with haematoxylin and eosin to demonstrate mor-
phology. Using a grid eyepiece graticule marked in 100
squares, each tumor section was assessed at x10 magnification,
by scoring each square as undamaged tumor or necrosis.
The percentage necrosis was then calculated for each tumor.
In a separate experiment, functional vascular volume was
determined in control tumors and at 4 or 24 h following
treatment with 30, 100 or 200 mg/kg of CA-4-P using Hoechst
33342 (Sigma-Aldrich, Dorset, UK) using the method
described previously (43,44).

Antibody radiolabeling. The monoclonal anti-CEA IgG
antibody A5B7 was labeled with 131I using the chloramine
T method to a specific activity of 180 MBq/1 mg protein,
and sterilized by passing through a 0.22 μm Gelman filter
(Northampton, UK).

Effect of CA-4-P dose on 131I-A5B7 biodistribution. Four
groups of four mice bearing the SW1222 xenograft were
given 0.9 MBq/5.0 μg 131I-labeled A5B7 in 0.1 ml saline i.v.
into the tail vein. After 48 h, when the antibody had achieved
maximum tumor levels (35), they subsequently received
either no further treatment (control group), or a single i.p.
dose of CA-4-P (30, 100 or 200 mg/kg). The mice were bled
at 96-h post antibody administration (48 h post CA-4-P) and
then liver, kidney, lung, spleen, colon, muscle and tumor were
removed for comparative activity assessment by Á-counter
(Storm; Pharmacia, Milton Keynes, UK). Results were
expressed as percentage injected dose per gram of tissue (%
injected dose/g).

Statistics. For the DCE-MRI data, a one-way analysis of
variance (ANOVA) was performed to look for a significant
difference between treatment groups (JMP Statistics, version
3.2.6, SAS Institute, Inc, Cary, USA). If the ANOVA was
significant (p<0.05), then an appropriate post-test comparison
of individual means was performed to look for significant
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Figure 1. Change in tumor IAUGC following injection of Gd-DTPA at 4 h after treatment with saline (A) or 200 mg/kg CA-4-P (B).
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differences between dose levels. Linear regression analysis
was used to test for a dose-response relationship. For the
antibody biodistribution experiments, different treatment
groups were compared using the Mann-Whitney U test.
ANOVA was also used for the necrosis and functional
vascular volume data.

Results

DCE-MRI kinetic parameters. Fig. 1 shows a representative
change in tumor IAUGC at 4 h following administration
of saline (Fig. 1A) or 200 mg/kg CA-4-P (Fig. 1B). There

was a dose dependent effect at 4 h for both IAUGC and Ktrans

(significant difference between treatment groups on ANOVA,
both p<0.00001) and at 24 h for IAUGC (ANOVA, p=0.005).
At 4-h post-treatment, a significant reduction was seen at all
dose levels in tumor IAUGC and Ktrans versus control (Fig. 2A
and 2C). At 24-h post-treatment, a significant reduction in
tumor IAUGC persisted at 100 and 200 mg/kg and in Ktrans at
200 mg/kg versus control (Fig. 2B and D). Linear regression
analysis was highly significant for a dose-response relationship
at 4 h (r =-0.80, p<0.0001) and significant at 24 h (r=-0.58,
p<0.01) for tumor IAUGC. There was also a significant
dose response relationship for tumor Ktrans at 4 h (r=-0.72,
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Figure 2. Mean tumor IAUGC and Ktrans for each treatment group at 4 h (A and C) and 24 h (B and D) respectively. Bars are means of groups of 6 animals ±
one standard error of the mean. *Significant vs control (p<0.05).

Figure 3. Tumor IAUGC spatial heterogeneity, showing difference in change in IAUGC for tumor rim (white), intermediate zone (grey) and centre (black) for
different doses of CA-4-P.
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p<0.0001) and at 24 h (r=-0.48, p<0.05), respectively. There
were no significant changes in muscle (representative normal
tissue) parameters at any time point or dose level (data not
shown).

Spatial heterogeneity of IAUGC response. The baseline
mean IAUGC values (pooled control groups) were rim: 0.079
mM.min; intermediate: 0.056 mM.min; centre: 0.050 mM.min
(highly significant differences between each group by paired

t-test). The percentage differences in IAUGC between
each treatment group and the controls for each region are
summarized in Fig. 3. For every dose and time, the order of
change (reduction) in the group mean IAUGC was the same:
centre > intermediate > rim. The ratio of centre: rim IAUGC
was found to be significantly lower at 4 h after 100 and
200 mg/kg CA-4-P and at 24 h after 100 mg/kg CA-4-P than
in the corresponding control groups.

Effect of CA-4-P dose on functional vascular volume and
tumor necrosis. The reduction in functional vascular volume
seen with CA-4-P was significant for all dose levels at 4 h
and at 100 and 200 mg/kg at 24 h (Fig. 4A and B). The control
tumors were mainly viable. Thirty mg/kg CA-4-P produced
patchy hemorrhagic necrosis at 24 h whereas 100 mg/kg and
200 mg/kg produced extensive hemorrhagic necrosis with
only a thin viable rim of tumor remaining (Fig. 5). Percentage
necrosis was significantly different from control for all three
doses and between 30 mg/kg and 100 mg/kg or 200 mg/kg
but not between 100 mg/kg and 200 mg/kg (Fig. 4C).

Effect of CA-4-P on 131I-A5B7 biodistribution. Fig. 6 shows
biodistribution of 131I-A5B7 (0.9 MBq/5.0 μg antibody) at 96 h
in tumor and normal tissues, when given either as a single
agent or combined with increasing doses of CA-4-P at 48 h.
The antibody alone produced good tumor to normal tissue
ratios (e.g. tumor:blood 2.8:1). Combining the antibody with
30, 100 or 200 mg/kg CA-4-P significantly increased its
retention within the tumor by 70%, 78% and 89% respectively
compared with antibody alone (p<0.03). Normal tissues
remained unaffected (p>0.5). Tumor: blood ratios for the
combination were 4:1, 4.5:1 and 4.5:1 respectively, as the
dose of CA-4-P was increased. However, no significant
difference was found between the amounts of antibody
retained within the tumor for the 3 doses of CA-4-P (p>0.5).

Discussion

There was a significant decrease in the IAUGC for Gd-DTPA
in tumor (but not in muscle) following all three dose levels of
CA-4-P, at 4 h after treatment. This persisted at the highest
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Figure 4. Change in functional vascular volume at 4 h (A) and 24 h (B), and
percentage necrosis seen at 24 h (C) following treatment with CA-4-P. Bars
are means ± one standard error of the mean. *Significant vs control (p<0.05).
(A) Number of animals. N =11, 11, 8 and 7 for control, 30, 100 and 200 mg/kg
CA-4-P respectively. (B) N =11, 10, 11 and 12 for control, 30, 100 and 200
mg/kg CA-4-P at 24 h respectively. (C) N =6 for each treatment group.

Figure 5. Effect of increasing doses of CA4-P on tumour necrosis in SW1222
colorectal tumour xenografts at 24-h post treatment. V, viable tissue; N,
necrotic tissue. (A), Untreated; (B), 30 mg/kg CA-4-P; (C), 100 mg/kg CA-4-P;
(D), 200 mg/kg CA-4-P.
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dose (200 mg/kg) for at least 24 h. The parameter Ktrans was a
less sensitive indicator of CA-4-P effects, possibly because
of assumptions made in the modeling procedure, including
the use of a Gd-DTPA arterial input function. The arterial
input function obtained in the present study does appear to
be a good approximation based on: a) compatibility with
previously published mouse arterial input function model
parameters (40,45,46), b) generally good fitting of tumor and
muscle data, and c) plausible values of Ktrans are obtained.
However, this arterial input function was obtained from a
separate group of mice and no corrections could be made for
individual variability or any systemic CA-4-P effects. We
note that a standardized model arterial input function will
also be used for the proposed clinical studies (47).

The analysis of spatial heterogeneity of IAUGC values
compared to distance from the edge of the tumor provides
evidence that in this tumor model: a) blood flow is higher
towards the tumor rim than in the centre of untreated tumors,
and b) the magnitude of CA-4-P anti-vascular effects is
higher in the tumor centre than in the rim. Although survival
of cells in the periphery of tumors following treatment with
CA-4-P and similar agents is a common finding, few studies
have attempted to measure the early vascular effects in
different tumor regions and results have been inconsistent
(13,27,48). In the SW1222 tumor, there was clear peripheral
sparing, in terms of both the initial vascular effects and the
ultimate tumor cell necrosis. The reasons for this remain
unclear but may relate to a larger vascular reserve in the
periphery compared to the central region (as indicated by
the respective pre-treatment IAUGC values).

The reduction in functional vascular volume seen in the
SW1222 tumor following CA-4-P administration is similar to
that seen in other tumors (11). The size and pattern of change
in the MR parameters mirrors the changes seen in functional

vascular volume and therefore provides evidence that using
DCE-MRI with Gd-DTPA in clinical trials provides a reliable
measure of tumor vascular response to CA-4-P.

It is assumed that a certain level of anti-vascular response
to CA-4-P will be required for enhancement of RIT. The dose
of CA-4-P used in the initial preclinical study of 131I-A5B7
and CA-4-P was 200 mg/kg (35). The dose with equivalent
effectiveness in a human (expressed in mg/m2) can be
estimated either using a conversion (49) or by comparison of
pharmacokinetic data [e.g. AUC for the active metabolite
CA-4 (50)]. Whichever method is used, the equivalent human
dose for 200 mg/kg in the mouse is approximately 10 times
higher than the maximum tolerated dose in the phase I clinical
trial of CA-4-P as a single agent (50). However, in the current
study, it was found that the addition of CA-4-P at 48 h after
antibody administration resulted in a similar increase in
antibody retention over RIT alone at 96 h, for all CA-4-P
doses (Fig. 6). Because the level of tumor necrosis created by
the vascular disrupting agent (Fig. 4C) was significantly
lower for 30 mg/kg (32.0%) than for 100 or 200 mg/kg
(95.6% and 90.7% respectively), this suggests that the early
response to CA-4-P was responsible for the enhanced anti-
body entrapment. Considering the marked dose response for
the CA-4-P-induced vascular effects in the SW1222 tumor, it
is quite surprising that 30 mg/kg CA-4-P was just as effective
as 200 mg/kg in terms of antibody retention. It is possible
that there was less difference in vascular efficacy between
the doses during the first few hours after CA-4-P treatment
and that the dose responses observed at 4 and 24 h reflect
dose-related differences in vascular recovery rather than
extent of initial shut-down. In any case, it appears that the
vascular effect within the initial few hours after CA-4-P
administration is critical for determining extent of antibody
retention, at least when CA-4-P is given 48 h after the anti-
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Figure 6. Ninety-six-hour biodistribution of 131I-labelled A5B7 (0.9 MBq/5.0 μg antibody) in nude mice given either no further treatment, or escalating doses
of CA-4-P at 48 h. Left to right, antibody alone (black); antibody + 30 mg/kg CA-4-P (horizontal bars); antibody + 100 mg/kg CA-4-P (white); antibody + 200
mg/kg CA-4-P (diagonal bars). Bars are means of groups of 4 animals ± one standard error of the mean.
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body. A second possibility is that, although blood flow resumes
in the tumor periphery following temporary reduction or
shut-down in response to CA-4-P, a significant number of
vessels may be permanently lost in this region, ensuring anti-
body retention. Future work will investigate these and other
possibilities.

An anti-vascular effect was seen most consistently at
doses above 33 mg/m2 of CA-4-P in phase I clinical trials [as
measured by DCE-MRI or positron emission tomography
(PET)) (28,31,32,50)]. Galbraith et al found that patients had
mean reductions in tumor IAUGC and Ktrans of 33% and 37%
respectively at 4 h following treatment with ≥52 mg/m2

CA-4-P (31) - which are slightly lower than the reductions
seen in the current study for 30 mg/kg CA-4-P at this time-
point (38% and 57.5% respectively). This suggests that the
30 mg/kg dose level is similar to a clinically relevant human
dose. The initial dose level of CA-4-P for the 131I-A5B7/ CA-4-
P clinical trial is 50 mg/m2.

In conclusion, there is a clear dose response relationship
for treatment with CA-4-P, RIT and combined treatments in
the SW1222 tumor. Significant reductions in kinetic para-
meters are seen at clinically relevant drug doses (30 mg/kg)
and are of a similar magnitude to those seen in the previous
clinical study (31). The data presented here indicate that
although a 30 mg/kg dose of CA-4-P results in a substantially
lower and shorter duration of anti-vascular effect than 100
and 200 mg/kg, there is no significant difference in radio-
antibody retention between the 3 doses used, which is
encouraging for the clinical trial of this approach.
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