


5.3.3 Results

Figure 31 shows the appearance of the patient’s leg at
the time of her first ILP. A cluster of 4 melanoma
nodules is visible in the upper half of the grafted area.
A fifth nodule lies at the lower border of the skin graft.
A palpable subcutaneous deposit lying 2cm posterior to
this is not visible from the angle of this photograph.

Figure 32 shows the blood flow rate, perfusion pressure
and PtcO, recorded during both procedures. In the first
ILP, 1low flow rates (mean 208ml min'l) resulted in a mean
perfusion pressure of only 22.4mmHg. This in turn led to
the failure of the PtcO, to rise from the ischaemic values
observed after application of the vascular clamps and
tourniquet. In contrast, during the second ILP, much
higher flow rates (mean 382.6ml min'l) were employed to
generate a mean perfusion pressure of 39.8mmHg. This
resulted in effective perfusion of the skin, as evidenced
by the rise in the PtcO,.

The gamma camera images obtained at the end of both
perfusions are shown in Figure 33 alongside photographs of
the patient’s leg taken one month after each operation.
After the first ILP, no focus of increased radioactivity
could be seen apart from the highly vascular muscle group
of the calf. The clinical photogaph shows no change in
the appearance of the melanoma deposits on the leg one
month later. After the second ILP, increased activity was
clearly visible in two distinct areas, corresponding to
the cluster of nodules in the upper portion of the graft

and the two nodules at the lower posterior edge of the
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Figure 31 :

Photograph of patient’s leg before the first of two isolated
perfusions with melphalan and radiolabelled anti-melanoma
monoclonal antibody.
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Fiqure 32 :

Graphs showing the variations in perfusion pressure and

PtcO

in the same patient during

two isolated perfusions

with melphalan and radiolabelled anti-melanoma monoclonal

antibody.
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First ILP

Second ILP

Figure 33 :
Gamma camera images obtained from the same patient at the

end of two isolated perfusions with melphalan and
radiolabelled anti-melanoma monoclonal antibody. Each image
is accompanied by a photograph of the patient’s leg taken
one month later.

At the end of the first ILP, there is no evidence of uptake
of activity at the tumour sites and the tumour shows no

response to melphalan one month later. After the second
ILP, areas of increased uptake of activity can be seen
corresponding to the sites of tumour deposits. In the

photograph taken one month later, the tumour deposits have
become smaller, flat and dull in response to the treatment.
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graft. One month later, all the visible tumour deposits
had become flattened and dull and were starting to

ulcerate.

5.3.4 Discussion

By acting as her own control, this lady offgrs a uniqué
opportunity to assess the potent;al "clinical value of
modifying the perfusion technique in the manner suggested
in Section 3.4.2. The results above provide evidence that
the absence of a rise in the PtcO, is indicative of a
failure to perfuse the skin and subcutaneous tissues
adequately. In this patient’s first ILP, this resulted in
failure of the monoclonal antibody to locate its target
antigen on the cutaneous and subcutaneous melanoma
deposits. This was associated with no detectable response
of the tumour to melphalan. In the second ILP, effective
skin perfusion, indicated by the higher PtcO, levels, was
confirmed by the successful detection of the melanoma
deposits by the antibody and produced an obvious clinical
response of the tumour to melphalan.

One of the fundamental requirements of any drug treatment
1s that the drug should be able to reach its desired site
of action in effective concentrations. Successful
treatment of malignant melanoma by ILP 1is therefore
dependent on effective perfusion of the skin and
subcutaneous tissues ( including 1lymphatics ) with

melphalan-rich perfusate. PtcO, monitoring offers a

-340-



simple and non-invasive method of ensuring that this aim

i1s achieved.
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5.4 Animal Experiments of Melanoma Targeting with Monoclonal

5.4.1 Introduction

While the <clinical study described in Section 5.2
indicates that monoclonal antibody targeting of melanoma
deposits on a limb by Isolated Limb Perfusion is possible,
further studies will be required to establish its true
therapeutic potential. The development of a suitable
animal model of ILP would therefore be a valuable addition
to the existing clinical application. Most of the early
experimental studies, which concentrated on the mechanical
aspects of ILP and the normal tissue tolerance to high
dose chemotherapy and to vascular isolation, were
performed on dogs328'329'551'553. However the lack of
naturally occurring or transplantable tumours in dogs
make it an unsuitable model for studying the response of
tumour to treatment. Subsequent reports have described
perfusion of the rat hind limb bearing transplanted Walker
256 carcinosarcomas>>%/555,

In order to study the uptake of monoclonal antibody
XMMME-001 by human melanoma, experimental studies were
performed using athymic nude rats bearing human melanoma
xenografts. These studies were performed with the
approval of the Home Office under the Animals ( Scientific
Procedures ) Act 1986 ( Project Licence PPL 60/00905 ).
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5.4.2 Materials and methods

Barrier-reared 4-8 week old PVG-rnu athymic nude rats (
Harlan Olac Ltd ), housed in isolation from other animals
and maintained on irradiated diet and sterile water, were
used in all experiments. The animals were caged in groups
of three on autoclaved bedding. One week after delivery
from the suppliers, all animals were innoculated with
0.5-1.0 x 10° human melanoma cells ( B0008) by
subcutaneous injection on one hindlimb. Tumours were then
allowed to grow at the site of injection until they
reached a diameter of 5-7mm. The rats were then treated
in three groups, divided according to the route of
administration of 11l1p-1abelled monoclonal antibody
XMMME-001 : Group A received an intravenous injection into
a lateral tail vein; Group B was treated by intraarterial
injection into the femoral artery of the tumour-bearimg

hind 1imb; Group C underwent isolated perfusion of the

tumour-bearing limb at the common femoral level.

Preparation and injection of B0008 melanoma cells

B0008 human melanoma cells were obtained by
disaggregation of confluent monolayer cultures using the
method described in Section 3.6.2. The disaggregated
cells were then suspended in normal saline at densities of
2.5-5.0 x 106 cells m171l. Each rat received a
subcutaneous 1injection of 0.2ml1 of the B0008 cell
suspension on the lower thigh of the left hind limb.
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Preparation of monoclonal antibody

Monoclonal antibody XMMME-001 was prepared using the
111In—labelling technique described in Section 5.2.2. The
resultant solution ( containing 200ug of protein and
100-120MBq in 1.6ml ) was divided into 0.2ml aliquots for

administration to each rat.

Techniques of antibody administration

The rats were anaesthetised by intraperitoneal injection
of a mixture of fluanisone 10mg ml~1l/fentanyl citrate
0.315mg m1~1 ("Hypnorm", Janssen) and midazolam 2mg m1~1
("Hypnovel", Roche) ( 1 part Hypnorm, 1 part Hypnovel, 2

parts water for injection ) in a dose of 2.0ml kg'l.

Group A : 0.2ml of the labelled antibody preparation were
injected into one lateral tail vein using a 27G stainless

steel needle.

Group B : through a 1.0-1.5cm groin crease incision, the
femoral vessels of the tumour-bearing hind 1limb were
exposed using microsurgical techniques. 0.2ml1 of the
labelled antibody preparation werevthen injected slowly (
ie. over 5-10 seconds ) into the common femoral artery
using a 27G or 30G needle. After removing the needle from
the artery, the skin was then sutured using 5/0 plain

catgut.

Group C : through a 2.0-2.5cm groin crease incision, the
common femoral vessels of the tumour-bearing hind limb

were exposed using microsurgical techniques. These were
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then ligated proximally, and the ligatures weie used to
exert gentle traction on the vessels. A microarteriotomy
and microvenotomy were then created so that a 2F gauge
teflon cannula could be inserted into each vessel. The
cannulae were introduced for a distance of 4-5mm and
secured to the vessels with nylon ligatures above and
below the point of insertion. A 3mm rubber sling was then
passed deep to the vessels proximal to the cannula
insertion sites and brought out through separate
stabwounds at either end of the main incision. The sling
was passed round the root of the limb and secured in
position as a tourniquet. The wound was then sutured
using 5/0 plain catgut sutures and the cannulae were
further secured by suturing them to the wound edges and
to the anterior abdominal wall with nylon sutures. The
labelled antibody solution ( 1.6ml containing 200ug of
protein ) was then addedlto a syringe containing warm
normal saline (T=32°C) to a final volume of 30ml. The
syringe was placed in a constant rate adjustable infusion
pump ( MS 2000, Graseby Medical ) and connected to the
arterial cannula. The venous cannula was connected to an
emptied IV fluid administration bag which was laid beside
the anaesthetised rat. An arterial flow rate of 0.5ml
min~l was employed. Venous effluent was allowed to drain

by gravity into the empty bag.
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Imaging of rats

Gamma camera images of the rats in groups A and B were
obtained at hourly intervals after injection of the
antibody for the first four hours and 24 hours after
injection. Rats in group C were imaged continuously

during the antibody infusion.

Strict aseptic technique was obseryed when performing all
the procedures described above.

Any rat showing evidence of deviation from normal health
other than the growth of a single tumour at the site of
injection was euthanised. All other rats were euthanised
within 24 hours of the experiments ( groups A and B ) or
at the end of the perfusion ( group C ).

5.4.3 Results

A total of 60 rats were innoculated with human melanoma
cells. In 46 cases, visible tumour growth at the site of
injection was recorded. Tumours first became visible (
2-3mm ) between 3-4 weeks after innoculation and reached a
diameter of 5-7mm after 8 weeks. 33 rats with tumours
survived long enough to be included in one of the three
experimental groups ( group A : 12; group B : 15; group C
: 6 ). 27 rats died or were euthanised before this.
Post-mortem examination of these animals revealed no
macroscopic evidence of tumour growth in 14 cases and

solitary tumours on the left hind limb in 13 cases. There
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was no evidence of metastatic tumour deposits in the liver
or lungs of any of these animals. The rats included in

the experiments all weighed between 185g and 285qg.

Group A : Lateral tail vein injection was attempted in 12
cases. In all cases, extravasation of the antibody
solution at the injection site occurred. 3 rats died
under anaesthesia within 5 minutes of the intravenous
injection and were therefore not scanned. Successful
localisation of the tumour was detected in 5 of the
remaining 9 rats. In all cases, this was evident on the
first scan ( taken at 1 hour in 4 cases and at 2 hours in
1 case ). Increasing uptake was apparent with successive
scans. The brightest spot on all scans was the
injection site on the tail of the animal. Accumulation of
isotope was also recorded in the liver and heart in all
scans. With increasing time after injection of the
labelled antibody, distribution of the isotope became more
generalised, although the 1localised tumours remained
evident. An example of the scans taken from one rat in
this group is shown in Figure 34. Only three rats
survived more than four hours after the injection and were
scanned at 24 hours. None of these showed evidence of
isotope uptake at the tumour site at any time. Of the
other six rats, four died before recovering from the
first anaesthetic and only two required a further
injection of the anaesthetic mixture to immobilize them

during the scan at 4 hours.

-347-



ntral organs . .
ik i Injection site

I Tumour
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Fiqure 34 :

Gamma camera immages taken (a) 1 hour, (b) 2 hours and (c) 4
hours after injection of 0.2m1 of 11l1-indium-labelled
monoclonal antibody XMMME-001 into the lateral tail vein of
a rat bearing a subcutaneous melanoma (B0008) xenograft on
the left hind limb.

An area of increasing uptake of activity is evident at the
site of the tumour on successive scans.
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Group B : Intraarterial injection was attempted in 15
cases and was successfully achieved in 7 cases. The
failures were due to traumatic division of the artery by
the cutting edge of the needle in 3 cases, avulsion of
the artery in 1 case, and intramural injection and/or
extravasation of the majority of the injected volume in 4
cases. After experiencing three traumatic divisions of
the femoral artery using 27G needles, the author used 30G
needles for all subsequent injections. Three of the rats
successfully injected died within 5 minutes of the
injection and were not scanned. The other four rats were
scanned hourly for three hours without showing any
evidence of uptake of isotope at the tumour site. Only
one rat survived beyond this time. A scan taken after 24
hours failed to reveal any accumulation of isotope at the
tumour site. Three of the rats displayed a "bright spot"
over the upper thigh but alteration of the position of the
rat from the lateral decubitus position to the supine
position confirmed that this was due to extravasated
antibody solution at the injection site. All four rats
had evidence of ischaemia of the 1left hind 1limb (

cyanosis, cool temperature, loss of function ).

Group C : Cannulation of the femoral vessels with 2F gauge
cannulae was attempted in 6 rats. This proved to be
technically extremely difficult. The femoral vein was
successfuly cannulated in 5 cases but both vessels could
be cannulated in only 2 rats. In these two cases,

perfusion of the 1limb with the antibody solution was
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initiated but had to be aborted within 10 minutes due to
failure of the venous drainage, extravasation of the

solution, and visible swelling of the limb in both cases.

The rats whose intraarterial injections failed or in whom
cannulation of the femoral vessels was unsuccessful were

all euthanised.

5.4.4 Discussion

Immunodeficient animals, such as athymic nude rats and
mice, provide useful models for the study of human
ﬁalignancies due to their ability to support the growth of
human tumours without mounting a cell-mediated immune
response to the foreign tissue. It is generally held that
the biological characteristics of these human tumour
xenografts largely reflect those of the parent tumour. In
this study it was posssible to initiate xenografts of the
human melanoma cell 1line B0008 in 77% of innoculated
animals. Autopsies performed on those rats which died or
were euthanised prematurely shdwed no evidence of
metastatic disease. The loss of metastasising potential
is a recognised feature of many human tumour xenografts
including melanomas356, One particular advantage of this
property is the opportunity to study "in vivo" the
response of a single tumour to treatment in an otherwise

healthy host.
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The successful 1localisation of tumour by the labelled
antibody in 5 of the 9 rats in group A suggests that the
B0008 cell line may prove a useful model for exploring the
potential of antibody-targeted therapy of human melanoma
in vivo and in vitro.

Previous descriptions of the isolated perfusion of the
rat hind 1limb have referred to normally immunocompetent
rats. Nude rats and mice grow to a much smaller size than
their normal counterparts and this is reflected in the low
body weight of the animals in this study ( mean : 223g;
range : 185-285¢g ) . The technical difficulties
encountered in this study with injection and cannulation
of the vessels could all be attributed to the small size
qf the animals. Whereas previous authors have been able
to cannulate the femoral vessels of normal adult rats (
Sprague Dawley ) weighing 400-550g using 3F or 4F
cannulae555, the smaller 2F cannulae used in this study
proved too large for the vessels of the nude rat.
Although the femoral vein was cannulated successfully in
5/6 cases, the vessel wall was visibly stretched over the
cannula in 4 of these, and it is not surprising that the
smaller, thicker-walled corresponding artery could not
accommodate a cannula of this calibre. Similarly, the
trauma inflicted on the arterial wall by the 27G and even
30G needles used in group B demonstrates the difficulty of
using such a small animal model. The finding that all
rats given an intraarterial injection then developed an
ischaemic limb is in marked contrast to the experience of
other authors who found that 1ligation of the femoral

vessels of adult Sprague Dawley rats was completely
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innocuous333, The significantly worse outcome in this
experiment may have resulted from a more extensive
propagation of thrombus from the arterial injection site
abolishing inflow of blood to the limb via collateral
channels, although a direct effect of the antibody
solution on the vessels of the 1limb 1is also possible.
The ischaemia observed in these 1limbs 1is the probable
explanation of the failure of the labelled gntibody to

accumulate significantly at the site of the tumour.

Although they were housed in isolators and maintained on
sterilized food, water and bedding, and despite the use
of strict aseptic technique for all procedures, nearly
half of all the rats innoculated in this study (27/60)
died prematurely or were euthanised when they showed signs
of illness ( weight 1loss, anorexia, inactivity ).
Furthermore, 6 of the 19 rats successfully injected in
groups A and B died within a few minutes of the onset of
anaesthesia and another 10 only survived a few hours
longer. The susceptibility of athymic animals to
bacterial, viral and fungal infections is a major problem
in experimental work557, especially when, as 1in this
study, the animals must be maintained for long periods to
allow tumours to grow to a suitable size. In addition,
their smaller than normal size and their relative absence
of hair renders them more sensitive to heat loss than

normally coated, larger rats.
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In order to overcome the technical difficulties
encountered in this study, a 1larger animal would be
required. Normally developed, non-mutant but surgically
thymectomised rats or rabbits may prove to be a more

suitable model for ILP of human tumour-bearing limbs.

5.4.5 Conclusions

The human melanoma cell 1line B0008 can be used to
establish xenografts successfully in athymic nude rats.
Anti-melanoma monoclonal antibody XMMME-001 administered
by intravenous injection localised the B0008 xenograft in
more than 50% of cases in this study. The B0008 cell line
therefore appears to be an effective model for in vivo and
in vitro studies of the uptake of antibody by melanoma.

The athymic nude mutant rat, being much smaller than its
normal counterpart, presents very severe technical
difficulties which make it unsuitable as an animal model
of ILP. In order to study the effects of ILP on
experimental human tumours, a larger immunosuppressed (
surgically thymectomised ) animal may prove to be a better

model.
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PART C
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‘CONCLUSIONS

Isolated Limb Perfusion has now become a well-established
form of therapy for malignant melanoma in Glasgow. The
results presented in Chapter 1II indicate that the
technique is safe and is associated with similar objective
response rates to those observed in the 1largest centres
in the world. In the treatment of Stage I melanoma of
the limbs, a non-randomized case-control study shows an
apparent benefit from Adjuvant ILP in Glasgow of 20%
(survival) and 15% (disease-free survival) at three years’

follow-up.

The studies described in Part B were performed in an
attempt to standardise some of the variable aspects of
the ILP technique and to investigate a potential method
of increasing the specificity of this treatment using
monoclonal antibodies as targeting vectors. The following

conclusions can be drawn from these studies :

Chapter 3 :
- current ILP methods do not reliably ensure effective

perfusion of the skin with cytotoxic drug. This can be
achieved by adjusting the perfusion parameters to generate
perfusion pressures in excess of a critical value in each
case. The effectiveness of this method can be confirmed-
simply and non-invasively by peroperative transcutaneous

oxygen tension (PtcOy) monitoring.
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- higher skin melphalan concentrations than previously
measured have been achieved using this method without a
concomitant increase in regional toxicity or leakage of
melphalan to the systemic circulation.

- the vasodilators verapamil, hydralazine and papaverine
have no adverse effect on the cytotoxicity of melphalan to
melanoma cells "in vitro"; papaverine may exert a
potentiating effect on melphalan cytotoxicity. All three
drugs could therefore be added to the ILP circuit in order
to 1lower the critical perfusion pressure required for
effective cutaneous perfusion. This should now be

investigated in a clinical study.

Chapter 4 :

- the melphalan dosage schedules based on body weight and
limb volume prescribe very similar doses of melphalan for
individual patients and are associated with similar
regional toxicity.

- the dosage schedule based on total blood volume
estimation consistently prescribes lower doses than both
of these schedules.

- the method of total limb volume measurement by immersion
is awkward but can be simplified by the application of a
formula for its calculation based on a partial
measurement.

- the dosage schedule based on body weight remains the
most appropriate method at present by virtue of its
simplicity and the high doses which it prescribes.
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Chapter 5 :

- targeting of melanoma by monoclonal antibodies is
possible within the ILP protocol. Tumour : normal tissue
uptake ratios of up to 3.5:1 ( sufficient to allow the
administration of effective radiation doses ) can be
achieved by this method.

- an "in vivo" experimental model of human melanoma has
been established by producing human melanoma xenografts in
athymic nude mutant rats.

- the human melanoma B0008 «cell line is recognised in
xenografts by monoclonal antibody XMMME-001 to the high
molecular weight melanoma-associated antigen.

- attempts to develop an "in vivo" model of ILP in nude
rats have been limited by the small size of this animal

compared to its non-mutant counterparts.

A standard method of controlling the ILP circuit can
therefore be recommended which should maximise the
exposure of the tissues to melphalan by ensuring effective
cutaneous pefusion with high concentrations of the drug.
The value of this method is illustrated by the improved
clinical response achieved in one patient during a second
ILP ( Section 5.3 ).

Further studies into ways of limiting the non-target
tissue uptake of anti-melanoma monoclonal antibody are
suggested so that the true therapeutic potential of this

approach can be evaluated.
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APPENDIX A

Blood pressure (P), blood flow (F), and transcutaneous
oxygen tension (O) recordings from 15 patients undergoing

iliac ILP ( Section 3.3.3 ).
Units :

blood pressure and transcutaneous oxygen tension - mmHg

blood flow - ml min~l
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APPENDIX B
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Melphalan Pharmacokinetics

Patient: 003 005 006 007 008 009 010
Study:
Chapter 3 * * * * * *
Chapter 4 * * * * * * *
Sample(mins)
1 1.11 8.87 2.28 .18 47.94 .00 38.00
5 36.14 65.69 36.90 25.30 67.52 68.51 40.31
10 19.72 44.55 28.06 30.05 47.73 49.10 28.34
15 16.96 37.38 23.74 22.16 36.53 41.74 23.07
20 17.77 29.52 19.36 22.05 26.63 31.53 20.08
25 19.46 20.54 17.57 17.87 25.02 32.28 16.30
30 15.17 16.33 14.04 13.08 19.29 25.26 13.55
35 10.33 17.16 11.54 12.95 18.53 20.53 13.07
40 8.07 10.09 12.61 11.18 16.14 17.99 11.93
45 - 19.52 11.30 9.49 13.17 16.39 11.75
50 7.21 11.30 10.74 7.26 10.42 13.52 10.28
55 6.75 10.42 8.81 9.40 11.62 13.62 8.93
60 6.32 9.97 7.33 10.38 12.16 15.15 8.64
EP - - 1.95 - - - .94
S-0 .00 .00 .00 .00 .00 .00 .00
S-30 .00 .00 .00 .00 .00 .42 .12
S-60 .00 .30 .00 .00 .18 .00 .10
S-90 2.87 .19 .00 .32 .52 .47 .64
[MEL]eq 33.65 38.16 28.77 28.21 41.13 49.91 26.79
ti1/2 23.19 29.78 31.92 32.33 29.66 29.72 35.62
Patient: 011 012 013 014 016 019 020
Study:
Chapter 3 * * * * * * *
Chapter 4 * * %* * * * *
Sample(mins)
1 56.27 2.68 89.81 7.38 3.48 59.71 85.69
5 41.10 53.63 95.27 57.13 106.46 96.25 112.80
10 29.86 54.62 75.19 42.31 40.64 59.61 66.80
15 29.00 37.79 61.69 35.25 27.88 40.26 41.80
20 20.85 29.56 51.49 27.70 25.10 38.24 33.67
25 20.54 24.71 40.15 23.11 19.66 38.70 30.68
30 14.94 22.14 32.83 19.20 16.49 23.67 33.90
35 12.92 19.02 30.76 16.81 15.00 22.86 20.80
40 13.07 17.49 25.39 15.69 12.87 20.12 18.60
45 - 14.68 24.40 13.34 11.77 16.68 21.39
50 - 13.32 21.20 11.69 10.45 16.90 17.85
55 - 13.79 21.53 11.71 10.44 15.50 16.80
60 9.25 13.19 19.44 11.10 9.26 12.80 11.70
EP 1175 1038 2.91 2-82 = 2020 1028
S-0 .00 .00 .00 .00 .00 .00 .00
S—30 050 1-84 1.01 -00 -00 .26 -00
S-60 .60 1.23 .48 .00 .23 .02 .00
S-90 .40 1.00 .66 .37 1.57 .76 .56
[MEL]g 30.43 41.27 70.60 40.06 35.41 62.81 56.85
t1/2 33.26 33.26 30.25 30.04 29.54 25.64 28.59
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Melphalan Pharmacokinetics(cont)

Patient: 021 022 023 024 025 026 027
Study:
Chapter 3 * * * * * * *
Chapter 4 * * * * * * *
Sample(mins)
1 26.98 129.00 - 316.10 195.68 60.59 95.15
5 69.23 114.00 85.11 130.50 97.62 43.24 101.80
10 66.69 56.70 97.00 71.50 58.01 26.83 101.62
15 56.71 73.20 61.06 49.10 41.10 24.12 32.08
20 45.62 67.90 50.21 34.80 29.43 23.76 31.50
25 37.71 63.80 33.20 25.30 26.08 19.49 29.90
30 24.06 42.70 38.00 26.89 21.20 14.76 23.67
35 19.30 53.90 26.00 23.00 21.76 13.90 -
40 15.56 24.20 24.90 19.80 18.21 11.06 21.62
45 14.08 25.70 27.40 18.50 16.17 12.00 15.23
50 12.90 30.70 23.40 19.60 15.61 10.89 -
55 11.80 25.50 - 16.40 12.88 10.55 -
60 9.03 24.80 - 15.40 11.54 9.35 -
EP .39 4.11 5.16 5.10 1.97 1.35 3.21
S-0 .00 .00 .00 .00 .00 .00 .00
S-30 .00 .00 .21 .20 .79 .00 .00
S-60 .00 .00 .16 .16 .00 .00 .08
S-90 3.92 .82 2.83 56 .77 .12 1.16
[MEL]eq 85.51 109.19 66.79 44.27 45.38 31.05 55.66
t1/2 18.04 25.42 31.32 38.45 30.72 32.86 25.86
Patient: 028 029 030 031 032 033 034
Study:
Chapter 3 * * * * * * *
Chapter 4 * * »* * * * *
Sample(mins)
1 83.00 11.59 375.75 99.38 71.98 280.76 121.76
5 48.43 52.48 77.89 50.62 81.49 157.21 61.62
10 38.78 52.24 71.14 37.22 58.56 99.98 46.38
15 33.02 43.46 61.46 28.85 48.80 67.97 37.32
20 22.94 31.16 51.07 24.25 37.89 59.91 36.29
25 - 27.05 55.95 20.95 35.08 49.50 24.94
30 19.30 34.15 35.06 30.51 29.11 45.20 -
35 17.45 30.90 29.92 25.11 18.05 42.11 19.55
40 16.45 18.39 26.90 16.07 14.98 41.08 17.62
45 15.65 15.82 23.40 15.02 14.00 32.05 16.94
50 - 11.59 25.90 14.27 13.03 14.72 15.06
55 - - 22.59 13.35 12.07 16.92 12.68
60 - 9.11 7.90 16.64 11.75 15.55 10.53
EP 3.63 1.19 3.24 1.65 .76 2.55 1.76
S-0 .00 .00 .00 .00 .00 .00 .00
5-30 016 1-18 .00 098 052 090 -00
S-60 .18 .25 .00 .65 1.11 .21 .00
S-90 .48 .73 .85 .64 .65 .66 .29
[MEL]e 30.94 75.44 119.40 36.15 67.43 137.32 54.38
t1/2 44.33 20.03 18.84 42.52 21.49 18.73 25.75
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Melphalan Pharmacokinetics(cont)

Patient: 039 040 041 042 043 044
Study:
Chapter 3
Chapter 4 * * * * * *
Sample(mins)
1 87.20 85.25 11.50 83.95 112.75 64.50
5 38.30 70.55 30.95 47.85 69.45 32.90
10 29.25 42.00 28.55 40.25 58.65 24.25
15 28.80 40.90 17.55 22.95 47.60 18.40
20 19.95 30.55 17.75 18.40 40.90 15.80
25 18.65 32.55 15.15 16.20 33.75 14.50
gg 16.90 - 13.85 15.40 30.55 12.10
:g 13.85 21.00 11.50 13.85 25.55 10.80
go 12.35 18.20 8.05 12.55 22.75 8.45
5 - - - - - -
60 10.85 15.15 8.70 10.60 20.15 9.80
EP - - - - - -
S-0 .00 .00 .91 .00 .00 -
S-30 1.91 .00 .44 .44 .18 .00
S-60 2.12 .00 .44 .31 .31 .00
S-90 2.34 1.39 .39 .74 1.91 4.15
[MEL]eq 27.03 47.87 24.96 22.90 52.62 19.89
ti/2 44 .47 35.79 35.50 54.93 41.46 48.01
Patient: 045 046 047 048 049 050
Study:
Chapter 3
Chapter 4 * * * * * *
Sample(mins)
1 1.55 72.70 140.66 105.60 112.75 114.48
5 68.82 47.85 47.62 41.15 48.49 -
10 38.53 32.05 39.62 32.25 40.48 45.46
15 26.20 25.55 28.80 27.05 24.69 33.56
20 25.99 20.60 24.69 20.80 21.01 27.07
25 21.66 17.55 23.61 18.85 17.55 22.96
30 18.63 14.50 20.58 17.35 16.68 20.14
35 - - - - - -
40 17.11 14.10 18.41 14.95 15.16 14.09
45 - - - - - -
50 13.44 11.70 16.25 13.65 13.65 14.09
55 - - - - - -
60 - 11.90 - 12.80 12.35 13.00
EP - - - - - -
S-0 .00 .61 .00 .00 .00 .00
S-30 1.13 .65 .57 .00 .13 .00
S-60 1.17 .61 1.26 .00 .00 .00
S-90 1.09 .83 1.82 .39 .96 .48
[MEL]eq 36.74 24.24 32.74 25.47 24.77 35.77
ti/2 34.40 52.35 48.63 57.01 58.00 37.40
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Melphalan Pharmacokinetics(cont)

Patient: 039 040 041 042 043 044
Study:
Chapter 3
Chapter 4 * * * * * *
Sample(mins)
1 87.20 85.25 11.50 83.95 112.75 64.50
5 38.30 70.55 30.95 47.85 69.45 32.90
10 29.25 42.00 28.55 40.25 58.65 24.25
15 28.80 40.90 17.55 22.95 47.60 18.40
20 19.95 30.55 17.75 18.40 40.90 15.80
25 18.65 32.55 15.15 16.20 33.75 14.50
go 16.90 - 13.85 15.40 30.55 12.10
5 - - - - - -
20 13.85 21.00 11.50 13.85 25.55 10.80
5 - - - - - -
50 12.35 18.20 8.05 12.55 22.75 8.45
55 - - - - - -
60 10.85 15.15 8.70 10.60 20.15 9.80
EP - - - - - -
S-0 .00 .00 .91 .00 .00 -
S-30 1.91 .00 .44 .44 .18 .00
S-60 2.12 .00 .44 .31 .31 .00
S-90 2.34 1.39 .39 74 1.91 4.15
[MEL]eq 27.03 47.87 24.96 22.90 52.62 19.89
ti1/2 44.47 35.79 35.50 54.93 41.46 48.01
Patient: 045 046 047 048 049 050
Study:
Chapter 3
Chapter 4 * * * * * *
Sample(mins)
1 1.55 72.70 140.66 105.60 112.75 114.48
5 68.82 47.85 47.62 41.15 48.49 -
10 38.53 32.05 39.62 32.25 40.48 45.46
15 26.20 25.55 28.80 27.05 24.69 33.56
20 25.99 20.60 24.69 20.80 21.01 27.07
25 21.66 17.55 23.61 18.85 17.55 22.96
30 18.63 14.50 20.58 17.35 16.68 20.14
35 - - - - - -
40 17.11 14.10 18.41 14.95 15.16 14.09
45 - - - - - -
50 13.44 11.70 16.25 13.65 13.65 14.09
55 - - - - - -
60 - 11.90 - 12.80 12.35 13.00
EP - - - - - -
S-0 .00 .61 .00 .00 .00 .00
S-30 1.13 .65 .57 .00 .13 .00
S-60 1.17 .61 1.26 .00 .00 .00
S-90 1.09 .83 1.82 .39 .96 .48
[MEL]eq 36.74 24.24 32.74 25.47 24.77 35.717
ti1/2 34.40 52.35 48.63 57.01 58.00 37.40
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Melphalan Pharmacokinetics(cont)

Patient: AO03 A04 A05 A06 AQ07 A08
Study:
Chapter 3 * * * * * *
Chapter 4 * * * * * *
Sample(mins)
1 20.90 3.90 2.44 .00 68.46 12.70
5 26.60 38.41 53.34 38.83 65.26 43.00
10 37.26 44,92 41.34 38.24 53.65 42.90
15 36.95 29.29 32.10 36.98 48.10 48.50
20 35.28 29.24 29.34 33.91 50.90 47.08
25 32.57 31.06 26.81 30.67 35.70 29.90
30 28.86 18.56 23.20 27.06 38.30 22.70
35 26.66 17.48 24.34 24.10 27.90 32.80
40 22.56 15.30 21.58 23.14 29.00 24.50
45 23.17 13.78 16.79 21.32 23.80 24.10
50 20.85 13.23 15.53 17.69 23.70 21.60
55 19.79 12.79 14.13 14.96 22.16 24.50
60 19.77 12.11 13.59 14.48 17.80 18.80
EP - - 3.47 3.68 5.38 2.13
s-0 .00 .00 .00 .00 .00 .00
S-30 .00 .00 .00 .00 .00 .00
S-60 .00 .00 .00 .00 .00 .00
S-90 .00 .18 .11 .00 .36 .18
[MEL]eq 46.11 44.17 45.23 52.98 70.20 57.00
ty/2 45.20 29.28 33.67 31.79 30.78 37.53
Patient: A09 Al0 All Al2 Al3
Study:
Chapter 3 * * * * *
Chapter 4 * * * * *
Sample(mins)
1 172.00 2.01 .00 62.15 40.50
5 117.00 18.62 36.83 48.89 -
10 73.50 21.23 30.29 28.28 26.23
15 59.20 19.42 26.00 21.05 21.57
20 51.90 17.85 24.96 17.39 19.30
25 46.90 16.22 29.40 16.61 16.55
30 41.00 14.71 - 13.64 14.85
35 35.90 11.62 16.71 13.56 18.37
40 35.40 13.95 - 10.39 12.52
45 30.20 - 15.44 11.77 15.26
50 29.80 15.61 15.67 10.37 14.28
55 22.90 14.62 14.18 10.07 8.94
60 21.30 12.01 14.76 9.17 11.60
EP 3.83 .80 1.74 .82 1.42
s-0 .00 .00 .00 .00 .00
s-30 .00 .00 .00 .00 .00
S-60 .00 .00 .00 .00 .00
S-90 .10 .00 .17 .00 .00
[MEL]eq 80.99 17.79 36.14 23.10 24.79
ti1/2 31.49 130.88 39.66 43.75 50.26
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Melphalan Pharmacokinetics(cont)

Patient: PO1 P02 P03 P04 P05
Study:
Chapter 3
Chapter 4 * * * * *
Sample(mins)
1 .00 .00 3.32 2.41 -
5 31.62 44.90 44.64 42.80 57.52
10 28.51 35.30 35.29 41.70 32.24
15 22.40 31.48 25.56 37.16 25.62
20 22.76 28.38 29.84 36.55 22.06
25 20.72 22.93 21.59 29.72 19.89
30 18.02 19.24 18.62 27.00 17.60
35 13.91 18.04 23.13 26.00 16.48
40 15.87 16.53 20.30 25.50 17.19
45 13.70 14.92 19.19 18.34 13.65
50 12.78 12.73 18.75 23.18 12.21
55 10.29 12.54 - 23.00 11.18
60 9.53 11.35 - 13.90 11.06
EP 1.63 1.49 .79 1.51 1.31
s-0 .00 .00 .00 .00 .00
S-30 .00 .00 .00 .00 .00
S-60 .00 .00 .14 .00 2.57
S-90 .02 - .15 1.52 .26
[MEL]eq 34.00 39.68 31.41 48.59 31.41
t1/2 33008 32-02 62085 39-30 38045

Patients are numbered according to the region perfused:
0.. - iliac, A.. - axillary, P.. - popliteal.

Sample EP is taken from the final rinsing effluent.

Samples prefixed S- are taken from the systemic blood.

All concentrations are expressed in ug m1~1,

[MEL] oo equilibrium concentration of melphalan
t :°Ha1f-11fe of melphalan in the perfusate (mins).
"1/2
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Limb Volume Measurements - Controls

Surfage
Sex Height Weight Area PLV TLV
M 1.85 75 2.000 9.24 12.32
M 1.68 69 1.790 9.46 10.56
M 1.81 66 1.860 8.36 10.34
M 1.80 67 1.865 10.12 11.44
M 1.84 72 1.950 9.57 10.89
M 1.79 81 2.050 11.77 14.52
M 1.80 62 1.810 8.25 10.45
M 1.70 61 1.720 7.04 9.35
M 1.75 70 1.860 9.13 10.67
M 1.82 58 1.780 7.48 8.69
M 1.81 65 1.850 8.03 10.67
M 1.77 63 1.800 7.37 10.34
M 1.82 63 1.835 8.58 10.67
M 1.66 65 1.730 8.47 10.56
M 1.74 70 1.850 8.80 11.55
M 1.70 67 1.790 8.36 8.91
M 1.76 60 1.755 7.48 9.79
M 1.92 68 1.975 9.35 13.75
F 1.63 64 1.700 8.47 11.88
F 1.62 50 1.535 6.71 8.47
F 1.62 52 1.560 7.04 9.35
F 1.70 64 1.750 8.58 13.09
F 1.63 52 1.565 6.27 9.02
F 1.71 58 1.695 8.69 11.11
F 1.68 72 1.820 11.44 15.40
F 1.70 67 1.785 9.57 14.08
F 1.65 60 1.670 8.25 10.56
F 1.61 54 1.575 7.70 9.68
F 1.74 76 1.910 10.23 11.99
F 1.67 65 1.740 9.35 11.88
F 1.79 71 1.900 9.90 12.34
F 1.60 54 1.570 6.71 9.90
F 1.63 49 1.530 6.60 8.80
F 1.58 50 1.510 6.60 8.80
Units: 2

height : m, weight : kg, surface area : m

*
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Limb Volume Measurements - Patients

Surfage

Patient Sex Height Weight Area PLV IPV

Iliac
001 F 1.70 80 1.920 10.89 15.86
002 M 1.78 93 2.110 9.13 13.66
003 M 1.71 57 1.680 7.26 9.87
004 F 1.51 48 1.430 6.93 9.47
005 M 1.79 95 2.140 10.89 15.13
006 F 1.61 59 1.695 7.37 11.36
007 F 1.66 61 1.630 7.92 11.50
008 F 1.64 86 1.920 - -
009 F 1.60 78 1.820 - -
010 F 1.63 49 1.535 6.05 9.25
011 F 1.35 60 1.675 7.70 11.55
012 F 1.63 64 1.700 7.59 11.59
013 F 1.56 76 1.760 10.23 14.36
014 F 1.66 68 1.770 9.14 13.40
016 F 1.71 76 1.890 10.89 15.48
017 F 1.59 72 1.745 - -
019 F 1.66 67 1.755 8.47 12.71
020 F 1.56 60 1.605 - -
021 F 1.71 83 1.960 11.44 16.59
022 F 1.45 57 1.485 6.82 9.68
023 F 1.71 56 1.670 7.26 11.12
024 M 1.88 103 2.310 12.10 16.98
025 F 1.67 82 1.910 8.80 13.88
026 M 1.66 60 1.680 7.04 9.71
027 F 1.58 86 1.865 11.00 15.65
028 M 1.67 68 1.770 g8.25 11.11
029 M 1.78 86 2.040 11.66 15.14
030 F 1.58 68 1.705 9.02 12.94

Units:

height m, weight : kg, surface area : m2, volumes : 1.

*

PLV - partial limb volume
IPV - iliac perfusion volume

Surface area derived from nomogram5°3.
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Limb Volume Measurements - Patients(cont)

Surfage

Patient Sex Height Weight Area PLV IPV

Iliac(cont)
031 F 1.67 89 1.980 11.66 16.91
032 F 1.59 68 1.710 9.90 13.77
033 F 1.63 62 1.675 7.26 11.15
034 M 1.72 73 1.870 8.80 12.07
035 F 1.68 77 1.870 9.46 14.27
036 F 1.52 52 1.485 7.70 10.49
037 M 1.81 93 2.140 11.22 15.38
038 F 1.56 54 1.540 7.26 10.39
039 F 1.54 52 1.500 6.38 9.36
040 F 1.65 72 1.800 9.35 13.77
041 M 1.76 59 1.745 - -
042 F 1.63 61 1.665 - -
043 F 1.64 78 1.850 11.55 16.08
044 F 1.56 55 1.555 5.60 8.95
045 F 1.61 61 1.650 7.37 11.11
046 F 1.63 51 1.560 6.60 9.90
047 F 1.67 67 1.765 9.18 13.42
048 F 1.67 59 1.680 8.03 11.89
049 M 1.75 64 1.800 7.04 10.38
050 M 1.75 90 2.080 10.56 14.55
051 M 1.73 63 1.770 - -
052 F 1.62 74 1.790 11.35 12.20
053 F 1.55 64 1.630 10.10 10.44

Units: 2

height : m, weight : kg, surface area : m“, volumes : 1.

* Surface area derived from nomogram5°3.

PLV - partial limb volume
IPV - iliac perfusion volume
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Limb Volume Measurements - Patients(cont)

Surfage Perfusion
Patient Sex Height Weight Area Volume
Axillary
A0l M 1.66 65 1.730 3.09
A02 F 1.58 96 1.960 3.91
A03 F 1.59 66 1.690 3.09
A04 M 1.67 56 1.640 -
AQ5 M 1.78 78 1.975 -
A06 M 1.79 78 1.985 3.03
A07 F 1.74 74 1.900 -
A08 F 1.54 76 1.740 3.36
A09 F 1.61 68 1.725 2.96
Al0 F 1.63 67 1.730 3.50
All F 1.61 58 1.620 2.96
Al2 M 1.88 100 2.275 4.32
Al3 M 1.76 79 1.960 3.77
Al4 M 1.64 80 1.865 3.91
Al5 F 1.57 65 1.665 2.96
Al6 M 1.70 74 1.860 -
Al7 F 1.65 68 1.760 3.09
Popliteal
P01 F 1.52 53 1.495 -
P02 F 1.62 74 1.790 6.05
P03 F 1.55 64 1.630 5.55
P04 F 1.54 43 1.390 -
P05 F 1.56 89 1.875 -
Units: 2
height : m, weight : kg, surface area : m“, volume

*
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TBV Calculations in 69 ILPs

Patient Het?* rRVH Patient Het* TRV
S p m s p m

001 34 25 30 2475 041 42 27 34 2063
002 39 19 30 2444 042 34 26 30 2200
003 35 25 30 2200 043 33 25 28 1760
004 36 22 24 1283 044 37 25 29 1650
005 42 25 35 2671 045 34 25 26 1238
006 39 23 29 1760 046 33 25 28 1760
007 34 28 31 2200 047 32 29 31 3300
008 38 27 32 2017 048 31 27 28 1467
009 38 22 31 2514 049 40 23 32 2338
010 31 25 26 1320 050 36 25 28 1513
011 38 26 32 2200 051 40 31 35 1980
012 38 28 33 2200
013 39 26 31 1788 Axillary
014 34 24 31 3667 AO1 45 26 39 3483
016 34 26 30 2200 A02 37 28 29 1238
017 35 22 25 1430 A03 32 27 27 1100
019 35 17 25 1980 A04 35 20 22 1269
020 34 21 23 1300 AO5 41 26 27 1179
021 34 21 27 2043 A06 37 20 22 1247
022 37 28 29 1238 A07 32 24 25 1257
023 38 27 31 1729 A09 35 25 25 1100
024 40 24 33 2514 Al0 36 26 29 1571
026 36 25 29 1729 All 37 23 24 1185
027 38 23 29 1833 Al2 42 28 30 1283

. 028 35 24 31 3025 Al3 36 21 22 1179
029 38 25 32 2383 Ala 39 29 31 1375
030 33 24 30 3300 Al15 32 29 30 1650
031 36 27 32 2475 Al6 34 26 26 1100
032 35 27 30 1760 Al7 35 29 30 1320
033 37 22 27 1650
034 39 24 30 1833 Popliteal
035 37 25 29 1650 PO1 31 23 24 1257
036 36 23 30 2383 P02 40 25 28 1375
037 43 24 38 4180 P03 33 24 27 1650
038 35 28 31 1925 PO4 . 32 24 24 1100
039 37 27 31 1833 PO5 36 26 29 1571
040 37 27 32 2200

* Haematocrits :
8 = systemic, p = priming fluid, m

mixed perfusate

# TBV = calculated total blood volume.
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