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—Abstract—

Pain is probably one of the most common cancer symptoms. In addition to being a major
source of suffering and disability, cancer pain is extremely frightening for patients and their
families. The authors propose to adjust the World Health Organization (WHO) pain
management ladder from its current three-step approach to a more sophisticated five—step
algorithm that includes physical and psychological modalities along the entire continuum of
care and adds two more steps related to neuromodulative and neurodestructive procedures
once the opioids fail.

This review discusses the current surgical options for treating cancer pain, focusing on the
continuous drug infusion pump currently available and briefly exploring some of the other
surgical options for pain management. The introduction of intrathecal opioid administration for
intractable cancer pain is considered as one of the most important breakthroughs in pain
management. Morphine, the only opioid approved by FDA for intrathecal administration, has
been increasingly utilized for this purpose.
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Fig. 1. Programmable infusion pump system and telemetry.

o 3AJl(transverse incision)E 7}gt} o]
W =5 A7 UE JEed e & 2t
A o E A
2 e JlorE fFofsjof 5}‘:}17)

T3S 97 98 15 G Tuchy needleS
ol&3x HAE AlEstcH) O]Eﬂg} 7344t
d o HaPA k=

kel AMET g

S~

_Pr
Y=
(arachnoid membrane)©|

iﬂtﬂ HEEA4AES

HS ol F=A AYJARIh
°] QJS}*‘ Ao =g nlse
<u Bl FHUE 2 %Q(DUYSG‘

string suture)2 3 =4 Bl wWid & X

A B w7, o] o
ol FHof gtk o
o Hx7t S0l 1
3} Y (subcutaneous pocket)E THET)
Iz 9 979 FAE YT gotx ¢EAY A
o 25 c7b EA A st A A7
T (reservoir port)E oA THAM & S
AA sledop kAle] HFo] Folsitt Q%9
5o n 2‘4711 Atelel] HES whEo] A%
S TR T A =3y dFsi
(Fig. 3).

.H.\_J.‘l:

N

=

of

=
=
x| =
=
=3

=

A7) Aol Ao gHA| wEest
of Ft}. F2 olgHe HIE F 7
(Fig. 1, 27} J=d shve 93 &&=

o

O

oo
=
=

s

(Schematic

Representation)
Central filling septum

De-central
bolus septum

:t

Choke path

Outlet
/
- /1
Needle
stop
Pressure
chamber NtEEC"E-‘ i Filter
stop " Titanium
reservoir bellows

Fig. 2. Constant infusion pump.
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Fig. 3. Intrathecal drug infusion pump.

H(constant-rate infusion pump)Z #1747
o A} 50 celdl Y SEE A 2
Aylo] glemeg FQluE ool ke AA Y

o ofAle] wEw zdaol BrhFig 4). o
S kB FUASE, o] BE, o) &

=
¥ 59 20| 15 =

(programmable infuion pump)Z

zd 7bs FY 3=

= A= e
d S

(Schematic representation)

Syringe barrel with plunger

Connecting tube
20ml

Filing cannula

Central
filing septum

Direction of
5 s i ) ~ flow

Needle stop Catheter

Infusion pump

Fig. 4. Refilling of drug in the constant infusion
pump system.

0.1 ml/day¥E 216 ml/day7tA] =4 & &
Ak o] A4 wE) FUEEE A =
< 3 F Fxo oS Ageu AR
18 ml otk 22y}t ARE-S sttt

S & A= 12 ml WA 15 mAE
Ydated o] A=A AR LA 3t
o] £t} 1 mg/ml 5%=2 DRUMORPH
ml¢} 25 mg/ml &%= INFUMORPH

4 A=, 10 mg/ml =S program-
mable pumpZ 370 U & J= HAH
< 1.0 mg/dayolt}. o] FE2 AA HaA
NY-2 HFAHo=Z FAE F Ut wepA] ¢
o HEAVIE AR o o]& 117 3jof 3
< E g 7FA 18 sjof sk= e A%
o g o] HA 20 mloJsirt =7 A
BEeor dY 71 9 w3to] 2y
F A= AZPE AE AR FUE H(trial
dosing period)$} ®Z3 wjo|t}, o] wj& Hi=

Al "]ﬁ]/\"g%(resuscitation) FHE FE A

s

o4

lo

9] 3711:

B

o
loojv

2

s N
(e}

—
(e

(0T o | R ==

ml&

71 (pulse oximeter)i gholstedo} s}ar, vital

signs¥ 9J2] £F& RISt AAN TFA
Hdelayed respiratory depression)ol]l thH] 3j
o B0 o] PHEe mewo] 4840l

O

HgAv el 4 *3}1_ 75}_%7} 22=A A
Ao FHst= A
. O] i X5e naloxone—% bl —Zr/\} s}

F9 PR oA B PIFA 79

S 196



A2 B4 PYFoE A UE 5 Jdud &
A AE EFe A WAdol A= A
24 @ 3 wF F9o) 14 @E 4%, 13
71 o2 Fol ¢+ W AV|= oA v
@4 Solnt” mene Rage 4w ol
NS, 7Y, TE, WRA, 797, BF,

Blo}AA| A 483 (nonopiate receptor)ol] &3+
EZb49) (hyperalgesia) 5ol 413 3¢ 24
(sedation)®} Z&A7} Uehd 4+ Aok E3]
ol FEFol A 9P P F AlVIe
kRS AA7|o] BEF oty Eztwlo]
naloxonel 2 s|ZAEA ¥ E3F] Q3T
€ F&ol A7 #4844 F3lA=5 S5 (segmental
allodynia)®] 4%+ 0.125% bipivacaines &=
293} o] Rl AT 47t gla, 2=
o] Yoz ols A7 ASE= NMDA &%

2

)

ul

|

Al 23} A (receptor antagonist) 2 )2 &
b 9okt agn w2 A A
=9 EH’\] sufentanils A2 Fo 2 F
e o giAl & 4 ok oY 7
Fe 7] HEiAe ATd AW FAke
oFA-FAR (opicid) 8] ¥& HRIFoE Fo
sith Adole §8S 0%E E0)3, T
FHe WY 20/’?9' =9 ‘/}7}‘3} Tl %

e
o}}l

4
and

/AU
ol\
ox
©
v
fuj
L
E
-
i
_‘
>
fu -
_‘
_\|L
o
fa

A Folste] %@% 1= @k Clonidine

&l
1} NMDA 584 A2 3 $4¢ =

(menmgltls 7‘?31}%] & 1, F4FA 7]

phenomenon) So]c}” 3 3
7k MRI Akl QEI@Ael dhalis el
Yo} FAe] SR ke 4 #

slof @tk Bl gele 294 F9 @ 1
olx] FolL Fu Fzy} AT
injectiong 8}l 45% AupX I rotator’}
PN= I AF=AZ A2 Axlg gols P

12. HAY =2
morphine infusion)
AkAle] opEx o
BAY A9 w9
gol 10 WA 6714

thal

I F9)<(intraventricular

>
oX,

o

2,
oX,
of
o|N
o

H

o, ofn d
o|N
o

fr o

re
e |

b
e oM,
rﬁn‘:{im?ﬂol:oj?i—m-l}h_&

ool

it

=

f o
2,

g o —

o,

=

fd

il

-,

o N
s

>

ru

>
opP
i
X
%0,
T

5
o
K

fins
\
b rﬂo

2,
ﬁ o B

i1

=

fd

[l

ot &
>

o

sk

),

zo 1o
A
>

o I @
o
=R
_‘
o 2
Wy rr to

N
2 i
=
>

—

Nor o 2 4y et
off
!
N
B
H =
_O|£

AN
=
N oo X
o
il
>

3o,
v

s
i
1
=

tilo
o

ol
ol

[
re

(@))
>
Y
o
2

i
>
=
o
i
B
4
12
=2
>
k-3

9
k1
il
_0|L
kl
M1 o
=
I
o
>
ol () e g
b1 ot il o oo

fd

ko
Y
o3
=
1o,
i
n
¥
L
=2
o
it

32 8

. K
PN
2,
b
e
ol
Fi‘r'
po
o
fh
4
_\|1_‘
&

&
mr L

i
r
_>,i
1o,
f
1-0{[
_>,i
1o
offt
1o
L
e,
ko
QL
k=l
ok
12
olo
k=l

Al 3¥doly S HZHfrontal horn)®] &
2Z-F(foramen of Monro) —r-& Oﬂ T3S ¥a
93}e] Ommaya reservoirZ o

02 25 G needled 019“0}04 ] A
< FQah? Hzole FT 03 mg0.1~2
mg) Y= AlAshs Aol FaL A ow =
Hot 1=t plRE= FF 25 mg(01~60
mg) ZAE7t QFEY oY &8o] FUkEE



4 wigelel] nrks el 2
golzhe

7} 9T ok Fe FRE ASol 3

9 M oo R
lo,
@)
n
S|
il
TE
32
A
o —
b
it
r A
N
s
o
A
>

9#
M\

w-’\1
)
=
E

No
o
o=
=
ﬁ
. 3
o

?JO}OJ] 5% xAo| 7k,
—?— Hit 208 6~60%) FH T a9
el O a3 oF 12A17F WA 60417

A? Lazorthes S0] X113t vl o3}
Lol At A AlEstedA] o 25 7Y
AYPS wf %A= w5 T2 T5 2Ho
7Vestda, Aot A9E 2%¥d oo o
2] 3| ARt okAlel] WjAdo] AZiTkaL gtk o]
 F59Ale E8 ElHanxiety)d] 74y, 24
Zo AN 59 EdE Jepdtt? ool
A8 HAFHY REasddes o Jehve
AT} Hlg3hg F71E o2 S (somnolence)
7 oJARsrt 2 2 % Jok ol 737

Foll 2
gl

‘{N'l‘ﬂlﬁ,_ﬁ—m Ml o oX of H
JHLEQ

1.3. 223 o]9]of] ALE-HE oA

Aot o] oF 2Zo] XFsto "37]
© Foolu ¥ - Qg 559 F
z2yes 2 &4 g7 gegt? O]"%'i 78‘—?—
AL Ego] Hed FARHAE A
& 739 A7 2 (sympathetic blockade)

=
&

7 AAF =A(systemic toxicity) W&ol A
A

al

[ rE

)

A8 (postural hypotension)©] B2 4

FEZE 42 Adn® et gel

AHR-E = bupivacaineS AFEE AR H$¢
EEHHEIZE JEREA] il AAEUE A 24
Alzrlle Yehd o Aoy a2 Folle ol
7] Wiz 2 AV HA= etk o]
T amino ester 4R} A]| butamben(butyl
aminobenzoate) & ZAALFOZ FshH
ol E= gt A7 AEY TLo] HE
Aoz dHHTh 53] A delta A7k C A
ort deHoz zgste] gEuEiv G
W337)%5 (bowel and bladder function)oll= %4

sk e Hﬂl‘ﬂé‘}

$g 77 e ol

oFAI7} HlopAAA FEA S0l 283t
E2 alpha?2 &4 ﬂﬁzﬂ (receptor agonist)
¢l clonidine?} NMDA =84 Z3AIQ] ketamine,
A8 A (low molecular wight protein)
91 SNX 111 &oltk® ** Clonidinee %22
A3} <5 a I (synergistic effect)7} Qo] A&
#ZFo] R 2¥o|y hypomorphine® o] X7

ojuksbe] FQe AL Rawa o] AAut
7ol Fdshd T Ao 7 HiTo| U
Hok> ™ o] w) AREE clonidine?] e 31

I+ 44 microgram Azo|th"* GABA(gamma-
aminobutyric acid)7} ZgrollA TEA AlZFA
S5 (neurotransmitter) 2] EHE 714A]7]
A ABHEEEE AEsEE GABA A
T84 2HA2 benzodiazepine =, midazolam
S HFAn s REHT Zo

¢

Fl[‘

S 198



(subtantia gelatinosa)olle % FHA F27}
U484 (muscarinic  cholinergic  receptor)”}
EAk=d] F271 2 -8-A] (muscarinic agonist)
9l neostigmines ZFAW| S H 02 F9 Al
A% Z3p) Qi agn AddAzeey 5
Z9A] 7]7(somatostatinergic pain— inhibiting
g}aﬁﬂ ;; AAAA T2 B
(somatostatin}s HFHNWZ FYI}AS o
530l zAFTE Burh A ey

oAz 2Eo] A7 (neurotoxicity) ™
o A QPeIA A AgsE e A
o) gitk ollel HPelAsEEe P4 F
A=A (synthetic analogue)! octreotideE A}
8311 o4 F2e) A2ol AFIAATE Bl
7]_ g}]\ q_.& 13)

mechanism)©]

l".?l‘l M o_>L

(gene therapy), AP A% (molecular lesioning),

A3 o] 21 (cell transplantation) So]ch!® 2%
28, 32)

HZ Aoz W
(analgesic molecules)S FFdhs A=
o] 7FsdtA HAh A F M F
27} o] &HeH v FAIFE HIAFA
(adrenal medullary chromaffin cells)} 2
A ZA (primary tissue)olA G HEE ©

E3AY F55 Solv 274824 =4 (pain-
reducing neuroactive substances)S #HISI=
B3] A F= AT AlES(immortalized,
bioengineered cell lines)g ©]-&3t}. o] 2] & o]

ggw AE B4
0
-

H

O o o= n:E il

B9y 94 529 Mg G-
‘cellular minipumps’'&] &S 3=
7171 Wl
(parenchyma) B.tH= 74”]‘31'3}
space)ol] o]24& st}
=T AAZE QI3 th%

PR
o
s
s

>
o,
=0 ﬂHY cr oo

>~
?-EH
k=l
12
2

)
lo
i
i)

olES F=E
Hs

oY

ﬁ
o
25 g

O

ool e

4z
2
oo
o
A
g
fr ”é%
L

o
2
5

l-'EI
oX,
)
o
fr
B
4
il
rir
of
olN
1o,
N
2
T

re
-
o
.
)
o,
N
)
o
=
Tl
Eu)
o2
ok
K
=2, e
2

Py
oo o o

ol
ol
oorr
g
e,
12
2
27
el
s
K
(i
)
o
=)
i
N
oo
ol
ol
o

] kA, = ‘synergistic cocktail S A}
% | agzolgta gk o)

BA5E AAFATE A5 F
2

r:i op
=Y

Ztol| o] AHNS W MF a7} e oY 7}
A F4& Bolsleg v F3(chronic pain)

I AHE F(hypersensitivity) S BFRO] =
< W F2 ZEds AT gtk o] AEvt
HH]5= 252 met-enkephalin, epinephrine,
norepinephrine, neuropeptide Y % o]ejo|= 2
5 397} = T3t peptides®} neurotrophins
Solty. 2AV)de FE FF0|¥(allograft)S
Aot Hole o]Fo] X (xenograft) S At
$8E 1 s HIRE AR Yepdo® o)
TolAE AHERlE e AL AZnAAE
7} A5 (neural crest)olA 7193}17] wj&ol

A4 (antigenicity)©] Wil FFAFA7E @
A AN A EBA Y (immunologically privileged
area)o|@ A wEo|th! Ty} AEFElA
™ & A (immunosupression)  °Jy WA
(immunoisolation) 2 A&t £& ZAyE H
3 A9w

A AAAM Hx BHie 19939 Winnie
o] Wi FoF 299 A FAldA de

=1L

S 199



T2 Z&(medullary tissue)= 5989 44 &
T BA A FE wHH st 8FHAE S
HpAn g o s FUstds W o4 2~8
T o 4o A w9 -3 TEHE A3

on o|Eo] AMEIZ A 1 o) 1 AFr}

5tk gk 200099 Lazorthes 52
o] Xagh nle] <J3lH Rad HIE o
o7} FAR-E ool
+ 14 ,] oy E= ﬂx}oﬂ ;\1

<)

oo o

-

A&Hoz Hay HIE

S g | a—=

HL7h B2 gloiA ZME %P -7} 9,1213, 2
BeMe 22d gE Bol 29 5 Adslen,

5HAME A A m2R g F718H

ol MAskor), 2PN §5 2AL 9
o o Be %o medd Besudy @
1-;]_25)

A= A2 aZejEyze] o
71 98l 71HEE AEES o)gshs Ay S
] AP i} o]gHogEe F v FYs

ol

T Be P9 AFAE AT MEE vE
Foorkd Bg Fe A%e 9 4 U

o} = AlF AlE(donor cel)®] 3 (type)
3} 9K(dose), ©]21F Al|*E(grafted cell)ol] A
(insertion) dFAY 2AFA|(deletion) = <=4}
o] FF, AA WAl (physical delivery
system), ©]23-9)(graft site), WA 2] W
W Zox A&t wet 2E4 o2k e
U oS A-Ea

o])d—z%o] H]—t‘l:-ll ] ;ga ] Q
W )R PEoE ARTt ol Be 539

zAo] 75l Yol Adgee] A9l A
JEFAES AT 5 UL Aoz dEn
3. MER==
o BFO fRES go] FY zHow

A
Z(deep brain stimulation)& ¥HGEFH3|M
A= 2(periaqueductal gray matter stimulation)
3} HAFAS| M A4 (periventricular gray
matter stimulation)©]th. 33X 7]&3IA
AV ARAARA=TE

o2 = Rams B IS
(somatosensory thalamic stimulation)@= 2
2] WA o} -FARAl (opicid) 9] %S F7HA1A

Zo] o] $EEL

T5e 2EPoR 53 4871 53
g eIt dFAze Al AFolA

A 5] 60~100%014 93&}5] A= Bl

Eﬂ 4-contact
A SHoA 1 mm A 3
2 2Hposterior commissure)
ol 3 mm WA 5 mm bl 92 A’
Ty HAFRASES S8t A ARS-sk=T
€ o] FAFEC] Aok 27] dEAke EH7H
AR 7E E7Fstal, A7se] AdtEo R

om ofrgfo] Fo} ARgshe 7|7t HlE| 1
H]-g-o] U HIMA] A QoA AR Al
sHaolt}. JF XM= o]E Hesty] 93l Hl
2 W& A7) (internalized generator)S AHE-
SHA g3 AFAFES a2 EAE 9F9
kAl 7)(external pulse generator) S ©]-&3)
A AFE she e AA HIEAR e

S 200



S|

. Becker R, Jakob D, Uhle EI, Riegel T,
Bertalanffy H. The significance of intrathecal

opioid therapy for the treatment of neuropathic

cancer pain conditions. Stereotact Funct
Neurosurg 2000;75(1):16-26.
. Bruera E, Watanabe S, Fainsinger RL,

Spachynski K, Suarez-Almazor M, Inturrisi C.
Custom—made capsules and suppositories of
methadone for patients on high—dose opioids
for cancer pain. Pain 1995 Aug;62(2):141-6.

. Gonzales GR, Elliot K. Portenoy RK, Foley
KM. The impact of a comprehensive evaluation
in the management of cancer pain. Pain 1991
Nov;47(2):141-4.

. Lordon SP. Interventional approach to cancer
pain. Curr Pain Headache Rep 2002 Jun;6(3):
202-6.

. Yu W, Hao JX, Xu X]J, Saydoff ], Haeger-
strand A, Wiesenfeld-Hallin Z. Long-term
alleviation of allodynia-like behaviors by
intrathecal implantation of bovine chromaffin
cells in rats with spinal cord injury. Pain
1998 Feb;74(2-3):115-22.

. Stein C. The control of pain in peripheral
tissues by opioids. N Engl J Med 199 Jun
22,332(25):1685-90.

. Mao J. Price DD, Mayer DJ]. Mechanisms of
hyperalgesia and morphine tolerance: A
current view of their possible interaction. Pain
1995 Sep;62(3):259-74.

. Brose WG, Tanelian DL, Brodsky JB, Mark
JB, Cousins MJ. CSF and blood pharmaco—
kinetics of hydromorphine and morphine
following lumbar epidural administration. Pain

1991 Apr;45(1):11-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

S 201

- 3oy 4 B Hg 5% -

. Elliot K, Hyansky A, Inturissi CE. Dextro-

methorphan attenuates and reverses analgesic
tolerance to morphine. Pain 1994 Dec;59(3):
361-8.

Michalewicz P, Laurito CE, Pappas GD, Lu Y,
Yeomans DC. Purification of adrenal chromaffin
cells increases antinociceptive efficacy of
xenotransplants  without immunosuppression.
Cell Transplant 1999 Jan; 8(1):103-9.

Gourlay GK, Plummer JL, Cherry DA, Onley
MM, Parish KA, Wood MM, et al. Comparision
of intermittent bolus with continuous infusion
of epidural morphine in the treatment of
severe cancer pain. Pain 1991 Nov;47(2):
135-40.

Bullitt E. Treatment of cancer pain. Contemp
Neurosurg 199%4;16:15-2.

Mollenholt P, Rawal N, Gordh T, Ollson Y.
Intrathecal and epidural

patients with cancer-analgesic effects and

somatostatin ~ for

post— mortem neuropathologic investigations
of spinal cord and nerve roots. Anesthesiology
1994 Sep;81(3):534-42.

Follett KA, Hitchon PW, Piper J, Kumar V,
Clamon G, Jones MP. Response of intractable
pain to intrathecal morphine: a retrospective
study. Pain 1992 Apr;49(1):21-5.

Mercadante S. The role of octreotide in
palliative care. ] Pain Sympt Manage 1994
Aug;9(6):406-11.

Uhle EI, Becker R, Gatscher S, Bertalanffy H.
Continuous intrathecal clonidine administration
for the treatment of neuropathic pain. Stereotact
Funct Neurosurg 2000;75(4):167-75.

Ready LB, Loper KA, Nessly M, Wild L.
Postoperative epidural morphine is safe on
surgical wards. Anesthesiology 1991 Sep;75(3):
452-6.

Unsicker K. The trophic cocktaill made by
adrenal chronmaffin cells. Exp. Neurol 1993



19.

20.

21.

22.

26.

45 YA 255 -

Oct;123(2):167-73.
Cejas PJ, Martinez M, Karmally S, McKillop
M, McKillop ], Plunkett A, et al. Lumbar
transplant of neurons genetically modified to
secrete  brain—derived neurotrophic  factor
attenuates allodynia and hyperalgesia after
sciatic nerve constriction. Pain 2000 May;
86(1-2):195-210.
Mercadante ~ S.

bupivacaine in advanced cancer pain patients

Intrathecal morphine and
implanted at home. ] Pain Sympt Manage
1994 Apr;9(3):201-7.

Wiley RG. Molecular murder. Trens Neurosci
1998 Oct;21(10):423 -26.

Krames ES. Intrathecal infusional therapies
for intractable pain: Patient management
guidelines. J Pain Sympt Manage 1993 Jan;8

(1):36-46.

. Winne AP, Pappas GD, Das Gupta TK, Wang

H, Ortega JD, Sagen J. Alleviation of cancer
pain by adrenal medullary transplants in spinal
subarachnoid space: a preliminary report.
Anesthesiology 1993 Oct;79(4):644-53.

. Buchser E, Goddard M, Heyd B, Joseph JM,

Favre ], de Tribolet N et al. Immunoisolated
xenogeneic chromaffin cell therapy for chronic
pain: initial experience. Anesthesiology 1995
Nov;85(5):1005-12.

. Lazorthes Y, Sagen ], Sallerin B, Tkaczuk ],

Duplan H, Sol JC, et al. Human chromaffin
cell graft into the CSF for cancer pain
management: a prospective phase II clinical
study. Pain 2000 Jul;87(1):19-32.

Shulman M, Joseph NJ, Haller CA. Effect of

21.

28.

29.

30.

31

32.

33.

S 202

epidural and subarachnoid injections of a 10%
butamben suspension. Reg Anesth 1990 May-—
Jun; 15(3): 142-6.

Hood DD, Eisenach JC, Tuttle R. Phase I
safety assessment of intrathecal neostigmine
methylsulfate in humans. Anesthesiology 1995
Feb;82(2):331-43.

Siegan JB, Hama AT, Sagen J. Suppression
of neuropathic pain by a naturally-derived
peptide with NMDA antagonist activity. Brain
Res 1997 May;755(2):331-4.

Beltrutti DP, Moessinger S, Varrassi G. The
intrathecal ~administration of
somatotrophin-release inhibiting factor: native

epidural and

and synthetic analogues.Curr Rev Pain 2000;
4(1):82-90.

Kristensen JD, Svensson B, Gordh T Jr. The
NMDA-receptor antagonist CPP  abolishes
nurogenic “wind-up pain” after intrathecal
administration in humans. Pain 1992 Nov;51
(2):249-53.

Lazorthes Y, Sagen ], Sallerin B, Tkaczuk ],
Duplan H, Sol JC, et al. Human chromaffin
cell graft into the CSF for cancer pain
management. Pain 2000 Jul;87(1):19-32.

Wilson SP, Yeomans DC. Genetic therapy for
pain management. Curr Rev Pain 2000;4(6):
445-50.

Aebischer P, Buchser E, Joseph JM, Favre ],
de Thribolet N, Lysaght M, et al
Transplantation in humans of encapsulated
xenogeneic cells without immunosuppression.
Transplantation 1994 Dec 15;58(11): 1275-7.



