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OBJECTIVE: To examine the effects of fine needle ethanol injections on human 
pancreatic adenocarcinoma subcutaneously xenografted in nude mice. METH
ODS: Thirty-six nude mice were inoculated with CAPAN-1-335 human pancre
atic cancer cell line. Tumour volumes were calculated from serial triaxial caliper 
measurements. On day 24, three sets of two groups of six mice each were formed 
based on the tumour volume achieved at that time so that groups from the same 
set had comparable tumour volume. The first set of two groups was used as a 
feasibility study to determine the amount of ethanol or saline which could be 
safely injected into nude mice. The second set was injected on day 24 and 28 
with a volume of ethanol (group 3) or saline (group 4) equivalent to 25% of the 
tumour volume and was sacrificed on day 31. The tumours were excised for 
histological analysis and nuclear magnetic resonance relaxation time measure
ments. The third set was injected four times (on day 24, 28, 31 and 35) with a 
similar volume of ethanol (group 5) or saline (group 6) and was observed for 
tumour growth curves and mice survival comparisons. RESULTS: On light 
microscopy, ethanol-injected tumours were mostly necrotic with elongated and 
homogeneous cytoplasms and with condensed and chromophilic nuclei. As a 
result of ethanol-mduced tumour necrosis, longitudinal (Tl) and transverse (T2) 
relaxation times were significantly shorter for ethanol-injected tumours (763±85 
and 72±16 ms) compared with saline-injected ones (1147±75 and 122±11 ms). 
On day 42, the mean tumour volume in group 5 (392±366 mm 1) was significantly 
smaller than group6 ( 1392±331 mm3

). In group 5, tumour growth was completely 
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C ARCINOMA OF Tl IE PANCREAS IS 
responsible for over 24,000 new 

cases of cancer and 20,000 cancer-re
lated deaths annually in the U nited 
States (1). It currently ranks as the 
fourth most common cause of cancer 
death in men and the fifth leading 
cause of cancer death in women. His
tologically, over 90% of carcinomas of 
the pancreas are moderately well-dif
ferentiated mucinous adenocarcinoma 
derived from the cuboidal epithelium 
of the pancreatic duct (2). In general, 
only a quarter of patients have lesions 
that are surgically resectable and only 
10% have potentially curable disease at 
clinical presentation (3,4 ). Preliminary 
studies on percutaneous ethanol injec
tions of small hepatocellular carcinoma 
have shown promising results with tu
mour volume regression and significant 
tumour necrosis in patients who under
went subsequent surgical removal (5-
8). T he potential advantages of fine 
needle ethanol injection therapy are its 
simplicity, low cost and low morbidity, 
with the ability to proceed to multiple 
sessions as needed. It might, therefore, 
be used in the palliative treatment of 
certain gastrointestinal tumours. 

The effect of ethanol injections on 
pancreatic adenocarcinoma was inves-
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stopped from day 28 to 45 after which it started to expand agaht. 
tumour growth was continuous until day 56 when it reached a p 
after the last injection, 50% of the saline-injected mice were 
the ethanol-injected ones were still alive. CONCLUSIONS: This 
a series of fine needle ethanol injections had a significant 
pancreatic adenocarcinoma subcutaneously xenografted in nude:, 

Key Words: Human pancreatic cancer, Ethanol injection tlierit» 
magnetic resonance, Nude mice 

OBJECTIF: Ohserver les effcts d'injcctions d'ethanol avec ail~~-~~ 
L'adenucarcinome humain du pancreas heterogreffe par vote SOtliS!".Glll 
souris athymiques. METHOD£: 36 souris athymiques ont ete 
lignee de cellules de cancer humain du pancreas CAPAN-1-335 Lt 
tumeurs a ere calcule a partir de mesures triaxiales seriees. Au jour 
de deux groupes de six souris chacune ont etc fonnees sur la l,u'e, 
tumoral ohtenu, de sorte que les groupes d'une meme serie avaient-.,~ - 
de volumes comparables. La premiere serie de deux groupes a ~ «IWfli~~~ 
d'essai de faisabilite pour determiner la quanute d'ethanol ou de ~ lill¥1ibli'i~
giquc qui pouvait etre injectee sans danger aux souris athynuques. l:. .. ill~ ll 
serie a re\'.u en injection aux jours 24 et 28, un volume d'ethanol {edllll:,J·m 
de solution saline (groupe 4) equivalant a 25 °,<> du volume de la tu.._;et-adfi 
euthanasiee au jour 31 . Les tumeurs ont ete excisees pour analyse h • 
le temps de relaxation a ete mesure par resonnance mag:nenque ;La 
tr01sieme serie a re\'.u quatre injections (aux jours 24, 28, 31 et35) a:veic1•-•• 
egal J'ethanol (groupc 5) ou de solution saline (groupe 6) et a 6d,·.1ta• 
l'egard Jes courbes de croissance des tumeurs et des taux co,ms:,and.1#.i~i- ~
des st>uris. RESULTATS: A la microscopie classique, les tumewsou.~:ti.Ofifii! 
!'ethanol se sonc pour la plupart necrosees, ,wee des cytop~Ci~td.~· 
homogenes et des noyaux condenses et chromophiles. La ~ ,Wliflnl~ 
induite par !'ethanol a donne lieu a des temps de relaxation lo Q 
et transversalc (T2) nettement plus courts (763±85 et 72±16 m& ~ ,•p 
para1son avec les tumeurs ou avait ete injectee de la solution saline U ~S:et 
122±11 ms). Au jour 42, le volume moyen des tumeurs du groupeS-~66 
mm3) etait nettement plus petit que celui du groupe 6 (1392±331mm-1).'l'Jijw1e 
groupe 5 la croissance tumorale avait completement arre~ entre les~2$.« 
45, apres quoi die a repris. Dans le groupe 6, la croissance tumorale ati~ 
jusqu'au 1our 56 ou die a atteint un plateau. nte jours apres la demm~ 
la moitie (50 % ) des souris ayant re\'.u de la solution salme etaientcUc:6Mes,alots 
que toutes les souris qui avaient re\'.u de !'ethanol etaient encore en vie. CON 
CLUSION: Cerce etude demontrc qu'une serie d'injections d'ethanol avec une 
aiguille fine a produit un effet significatif sur l'adenocarcinome humain du 
pancreas heterogreffes par voie sous-cutanee chez des souris athymiques. 

tigated to determine whether ethanol 
injections can induce significant tu

mour necrosis. In clinical situations, 
there may be substantial palliative ben
efit from ethanol ablation of primary 
pancreatic tumours, which are notori
ous for producing pain. Ethyl alcohol 
exerts its toxic action through cellular 
dehydration followed by coagulative 
necrosis, and through vascular chrom-

bosis followed hy occlusion. In the 
authors' laboratory, a model of subcuta
neous xenotransplantation of human 
pancreatic cancer cells in nude mice 
was developed. The characteristics and 
growth patterns of thb tumour model 
are well known and have been pre
viously described (9-15). Using this in 
vivo tumour model of human pancre
atic adenocarcinoma, the effects of fine 

needle ethanol injections on the tu
mour were compared with saline injec
tions. Four parameters were studied for 
comparison: macroscopic and light mi
croscopic analysis of the tumours with 
proton nuclear magnetic resonance 
( 1H NMR) relaxation t ime measure
ments, rumour growth curves establish
ment and mice survival time measure
ments. 1H NMR relaxation time 
measurements were taken to study the 
potential use of this noninvasive imag
ing method in assessing treatment re
sponse by showing tumour necrosis. 
T he aim of this animal study was to 
investigate the potential for future ap
plicat ion of fine needle ethanol injec
tions in the treatment of inoperable 
pancreatic adenocarcinoma. 

MATERIAL AND METHODS 
CAP AN-1 cell line in vitro: The CA
PAN- I cell line was isolated by fogh in 
1974 at the S loan-Kettering Institute 
for Cancer Research, New York, from a 
Liver metastasis of a pancreatic adeno
carcinoma grown in a 40-year-old Cau
casian man ( 16). This cell line was re
ceived in the Laboratory of Cellular 
Biology in T ou louse, France, at the 
14th passage from the American Type 
Culture Collection, Maryland. The cell 
Line was maintained in Roswell Park 
Memorial Institute (RPMI) 1640 me
dium (Gibco, New York) containing 
200 U/mL penicill in, 0.125 mg/mL 
streptomycin, 0.1 25 mg/mL ampho
tericin B and supplemented with 15% 
fetal calf serum (Biopro, Germany). Tu
mour cells were grown in monolayers 
and maintained through successive pas
sages by treatment with 0.125% tryp
sin-0.02% EDTA. The doubling time 
was 20 h . Cell cultures were regularly 
checked for mycoplasmic contamina
tion. 
CAPAN-1-335 cell line in vivo: The 
CAPAN-1-335 cell Line has been main
tained in the Laboratory of cellular biol
ogy in T oulouse since 1986. It was ob
tained b6 dorsal subcutaneous injection 
of 4xl0 CAPAN- 1 cells into five- to 
six-week-old, conge~itally athymic 
mice, nu/nu mice (Swiss, lFFA-CRE-
00, France) weighing about 20 g. Eight 
to 10 days following inoculation, subcu
taneous tumours appeared. This in vivo 
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cell line is maintained by successive 
passages every 60 days by dorsal subcu
taneous inoculation to other nude mice 
of 0.5 ml homogeneous suspension of 
small tumour fragments minced with 
scissors and bathing in RPMI medium. 
It is now at its 35th passage. 
Experimental protocol: Using this in 
vivo tumour model of human pancrea
tic adenocarcinoma, the effects of fine 
needle ethanol injections on the tu
mour were compared with those of sa
line injections on macroscopic and 
microscopic changes, 1 H NMR relaxa
tion time measurements, tumour 
growth curves and survival time. 
Thirty-six nude mice were inoculated 
with 0.5 mlCAPAN-1-335 tumour frag
ments as described above. During all 
experiments, they were kept in a patho
gen-free environment at 28°C and 
given water and a standard diet ad libi
tum. Eight days after the inoculation, 
subcutaneous tumours appeared. For 
the establishment of growth curves, tu
mour size was measured in the same 
conditions by the same operator twice a 
week in all three dimensions with cali
pers. 

Tumour volume (V) was calculated 
from the ellipsoid volume formu la: 

V _ i length width height 
-3X1tX 2 X 2 X 2 

Twenty-four days after inoculation, 
three sets of two groups of six mice each 
were formed based on the tumour vol
ume achieved at that time. The two 
groups belonging to the same set had to 
be homogeneous in tumour volume. To 
obtain such an even distribution in tu
mour volume between groups of the 
same set, the mice were classified in a 
descending order based on their tumour 
volume on day 24; the first 12 mice 
with the largest tumour volume were 
alternatively allocated to group l or 
group 2, the next 12 mice to groups 3 
and 4, and the last 12 mice with the 
smallest tumour volume on day 24 
formed groups 5 and 6. The mean tu
mour volume (±SD) on day 24 was 
2224±804 and 2219±766 mm3 respec
tively, for groups 1 and 2; 870± 169 and 
858±171 mm3

, respectively, for groups 
3 and 4; and 345±176 and 351±150 

mm3
, respectively, for groups 5 and 6. 

In each set, one group (groups 1, 3 and 
5) was treated with fine needle dehy
drated ethanol injections while the 
other one (groups 2, 4 and 6) was 
treated with saline injections (normal 
0.9% saline). Day 24 was chosen to 
begin the injections because the tu
mours at that time were thought to be 
farge enough to allow for safe and easy 
injections. All injections were per
formed by the same operator, at the 
same time and in similar conditions 
(eg, using a 25 G 5/8 needle). The vol
ume of ethanol or saline to be given was 
injected slowly in four equidistant 
points with the needle about 0.5 cm 
deep in the tumour while a second op
erator was holding the mouse in a fixed 
position. 

The first set of two groups (groups 1 
and 2) was used as a feasibility study 
aiming to determine if it was possible to 
inject ethanol subcutaneously to nude 
mice without killing them from etha
nol overdose and to see how easily eth
anol diffuses in such a tumour without 
back-diffusion along the needle tract to 
decide on the amount of ethanol or 
saline to be injected in the other 
groups. Two mice from group 1 were 
injected with a volume of ethanol cor
responding to 50% of their tumour vol
ume as measured just before the treat
ment session ( 1.6 and 0.8 ml, 
respectively). This was associated with 
rapid mice death due to ethanol over
dose and to significant back-diffusion 
of ethanol along the needle tract. The 
four other mice belonging to group l 
were injected with a volume of ethanol 
corresponding to 25% of their tumour 
volume; two more mice died from etha
nol overdose (having received 0.4 and 
0.8 ml of ethanol, respectively) 
whereas the two others (having re
ceived 0.4 and 0.3 ml of ethanol, re
spectively) survived. By comparison, all 
mice in group 2 treated with equivalent 
volume of saline survived. Based on this 
feasibility study, the mice from all the 
other groups (groups 3 to 6) were in
jected with a volume of ethanol or sa
line corresponding to 25% of the tu
mour volume as measured just prior to 
injection. However, in order to avoid a 
lethal ethanol overdose, a maximal 
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Figure la) Macroscopic effects of saline injec
tions. A mouse belonging to group 6 on day 36 
after tumour inoculation is shown. The tumour 
has been injected with saline four times on days 
24, 28, 31 and 35. Tlie volume of saline given 
corresponded to 25% of tumour volume and 
was injected in four equidistant /JOints within the 
tumour 

1b -1cm 
Figure lb) Macroscopic effects of ethanol in
jections. A mouse belonging co group 5 on day 
36 af r.er tumour inoculation is presented. The 
tumour has been injected with ethanol four time.1 
on days 24, 28, 31 and 35 . The volume of 
ethanol given corresponded to 25% of tumour 
volume and tuas injected in four equidistant 
points within the tumour. Compared with Fig
ure I a, there is a sr:riking regression of the 
tumour volume and the presence of small tu
moral nodules at the periphery of the necrotic 
centre (arrow) 

amount of 0.3 ml ethanol or saline was 
administered when the tumour volume 
exceeded 1200 mm3. 

The second set of two groups 
(groups 3 and 4) was treated twice, on 
day 24 and 28 after inoculation. Group 
3 received ethanol and group 4 re
ceived saline. Three days after the last 
treatment session, on day 3 L, all mice 
from both groups were sacrificed by cer
vical dislocation; their subcutaneous 
tumours were excised and submitted to 
microscopic analysis and to I H NMR 
relaxation time measurements. This 
second set allowed the study of the 
acute effects of two ethanol injections 
spaced by four days. For light micros
copy, fragments of tumours were fixed 
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Figure 2a) Microscopic effecis of saline injec
tions are shown . Tumour of a mouse belonging 
to group 4 ( rreaied twice with saline on days 24 
and 28 after tumour inocul.ation). Mice were 
sacrificed on day 31; tumours were excised, 
fixed in Boulin's liquid, and stained with hema
toxylin and eosin . The tumoral proliferating 
zones are conspicuous while the necrotic ones 
are poorly de11eloped (arrows) (x88) 

in Bouin's liquid and stained with he
matoxylin and eosin. For 1H NMR 
analysis, fragments of tumour were rap
idly packed in NMR tubes (8 mm inside 
diameter) and kept on crushed ice as 
recommended by Beall (1 7). The LH 
NMR measurements were performed 
with a Bruker CP 100 spectrometer 
(Karlsruhe, Germany) in Fourier trans
form mode, operating at 60 MHz (mag
netic field = 1.4 T). The longituJinal 
relaxation time, T l, and the t ransverse 
relaxation t ime, T2, were determined 
using the inversion recovery (180°-T-
900) pulse sequence and the spin-echo 
method of Meiboom-G ill-Carr and 
Purcell (90°-[T-180°]n) (18). 

The thi rd set of two groups (groups 
5 and 6) was used for comparison in 
tumour growth and survival time. 
Group 5 was treated with ethanol while 
group 6 was treated with normal saline. 
Both groups were treated four times: on 
days 24, 28, 31 and 35. Each time the 
volume of ethanol or normal saline 
given corresponded to 25% of the ru
mour volume as measured just before 
treatment. Again, the maximal volume 
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Figure 2b) Microscopic effects of ethanol injec
tions are depicted. T umour of a mouse belong
ing to group 3 ( treated twice with ethanol on 
days 24 and 28 after tumour inocul.ation) . Mice 
were sacrificed on day 31 ; tumours were ex
cised, fixed in Boulin's liquid, and stained with 
hematoxylin and eosin. Residual areas of tu
mour celL~ ( arrows) are composed of degenerat
ing cells with pycnotic nuclei (x88) 

given per session was 0.3 mL if the tu
mour volume exceeded 1200 mm3. The 
injections were performed by the same 
operator in a similar fashion as de
scribed for groups 3 and 4. Following 
the fourth treatment session, mice from 
each group were simply observed in 
similar conditions without any further 
t reatment; their tumours were mea
sured twice weekly for growth curves 
comparisons and their survival time 
was established. 
Statistical analysis: All descriptive sta
tistics are expressed as mean±SD. Com
parisons in means were performed with 
the two-sample Wilcoxon test. Life
table survival curves were established 
using the Kaplan-Meier method (19) 
and comparisons in survival time were 
done using the Log-rank test. P<0.05 
was considered statistically significant. 

RESULTS 
Macroscopic and microscopic effects 
of ethanol injections: Figures l a and lb 
show two nude mice 36 days after sub
cutaneous inoculation of human pan
creat ic aden ocarc inoma. Figure l a 

represents a mouse belonging to group 
6 which has been injected four times 
with saline and Figure 1 b represents a 
mouse from group 5 treated with etha
nol injections. The tumour treated with 
ethanol has almost completely disap
peared leaving a scarring or crusted area 
in lieu of the tumour wi th a peripheral 
rim consisting of small tu moral nodules 
(Figure 1 b, arrow). In this nude mouse 
model, the tumour usually is indurateJ 
and firm. During ethanol injection, im
mediate blanching at the injection 
point was generally observed and it was 
noted that the volume injected did not 
diffuse well into the tumour bed, but 
was usually limited and circumscribed 
to a small area around the needle t ip. 
Forcing a larger amount of ethanol to 
enter the same injection point often 
resulted in alcohol flowing back along 
the needle t ract or diffusing around, 
instead of within, the tumour. 

On light microscopy, the tumour 
treated with saline injections d id not 
undergo any significant change. Th\! 
proliferating areas consisting of multi
ple small tumoral nodules were still pre
sent and adenoid structures were often 
seen (Figure 2a). In xenografted tu
mours, bands of connective tissue were 
rare and necrotic areas poorly devel
oped (Figure 2a, arrow). By contrast, in 
the tumour treated with ethanol injec
tions, tumoral tissue was largely de
stroyed and replaced by necrosis 
(Figure 2b) . O n some slides, there were 
still areas of pycnotic cells correspond
ing to former tumoral nodules (Figure 
2b, arrow). Similarly, connective tissue 
was also destroyed. Ac the periphery of 
the rumours injected with ethanol, pro
liferating zones identical to those de
scribed for tumours injected with saline 
could be identified; they corresponded 
to the peripheral tumoral nodules sur
rounding a cen tral necrotic area. 

Figure 3 shows the histological as
pect of a tumour injected with saline. 
The nuclei do not depict any alteration 
and are similar to the nuclei appear
ance of untreated tumours. The saline
treated tumours showed numerous cells 
undergoing mitosis (Figure 3, arrows). 

Soon after ethanol injections, how
ever, cellular aspects changed. Cells 
within the proliferating areas presented 
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with an e longated cytoplasm - very ho
mogeneous - and with an amorpho us 
and very chromophilic nucleus. In 
many cells, the nuclei contained large 
amounts of condensed chromatin. In 
later stages following ethanol injec
tions, these nuclei were surrounded by 
necrotic material indicating complete 
cytoplasmic destruction. Similarly, the 
chromosomes from mitotic cells ex
posed to ethanol were degenerated and 
very comlensed (Figure 4, arrow). The 
cellular aspect was similar to the o ne 
produced by a bad alcoho l fixation for 
histological analysis. 
Effects of ethanol injections on 1H 
NMR relaxation time: On day 3 1, 
three days after the second session of 
injections, fragments of tumour from 
group 4 (saline injections) and group 3 
\ethanol injections) were submitted to 
H N MR relaxation t ime measure

ments (Figure S). The mean longitudi
nal relaxation time Tl was 1147±75 ms 
for tumours injected with saline com
pared with 763±85 ms for those injected 
with ethanol (P<0.05). Similarly, the 
mean transverse relaxation time T 2 was 
122±11 ms for saline- injected tumours 
compared with 72±16 ms for ethanol
injected ones ( P<0.05). Thus, the ne
crotic changes induced by ethanol as 
observed on light microscopy were as
sociated with a consistent shorten in~ of 
the Tl and T 2 relaxation time on H 
NMR. 
Effects of ethanol injections on tu
mour growth curves and survival: The 
growth curves of tumours from group 3 
(ethanol-injected) and group 4 (saline
injected) a rc shown in Figure 6. On day 
28, two of the six mice from group 3 
were injected with 0.3 mL ethanol be
cause their rumour volumes were over 

1200 mm 3 
( 1500 and 1686 mm 3, re

spectively) whereas three of the six 
mice from group 4 were injecteJ with 
0.3 ml saline for the same reason (tu
mour volume of 1822, 1900 and 2010 
mm3

, respectively). All other mice 
from both group~ were injected with a 
volume of ethanol or saline correspond
ing to 25% of their tumour volume 
achieved on day 24 and 28. From the 
day of inoculation until day 24, tumour 
growth curves from both groups were 
identical with a mean tumour volume 

Figure 3) Microscopic effects of saline injec
tions are shown. A comfmranve hiswlogical 
strncture of a xenograf ced {>ancreaiic rumour 
injected tuith saline is depicted; it i:; a greater 
magnificaticm of Figure 2a (X560). The typical 
as/>ect of tumour cell:i and nuclei withm a /)ro
liferating area is seen. Celluli.1r mitoses are nu
merous ( arrows) 

on Jay 24 of 870±69 and 899±157 mm 3 

for groups 3 and 4, respectively. Follow
ing the first injection, growth curves 
started to diverge immediately; tumours 
injected with saline continued to grow 
while tumours injected with ethanol 
underwent a plateau and started to de
crease in volume. Three days after the 
second session of injection~. the mean 
tumour vol ume was 858±171 and 
2176±735 mm3 for groups 3 and 4, re
spectively (P<0.05). 

Mice from groups 5 and 6 underwent 
four sessions of injectiom (on days 24, 
28, 31 and 3 5) and were then observed 
in simi lar conditions for comparisons in 
tumour growth and mice survival. 
Group 5 received ethanol and group 6 
received sali ne. In this set, a ll mice 
from both groups were injected with a 
volume of ethanol or saline corre
sponding to 25% of their tumour vol
ume (which was lower than 1200 mm3 

for a ll of them on each treatment day). 
Again, the tumour growth curve was 
similar between the two groups up to 
day 24. On day 24 - just before the first 
treatment session - the mean tumour 
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Figure 4) Microscopic effects of echanol injec
tions are shown. A comparative histological 
structure of a xenografced pancreatic tumour 
injected with ethanol is depicted; it is a 1;reacer 
magnification of Figure 2b (x560). The pecu
liar aspect of cell:i ex/)Osed co ethanol with lw
mogeneous cyto/1/asm and /)ycnotic nuclei are 
visible and there Ls degenerated chromosome 
w1chin celL~ in mitosis at alcoholization ( arrows) 

volume was 345±176 and 360±149 
mm 

3 
for groups 5 am! 6, respectively. 

On day 42, one week after the last 
treatment session, the mean tumour 
volume was 392±366 and 1392±33 1 
mm 

3 
for groups 5 and 6, respectively 

(P<0.05). Tumour growth curves 
started to diverge almost immediately 
following the first session of injections 
(Figure 7). The growth of tumours from 
group 6 (saline injections) was contin
ual until day 56 when it reached a pla
teau. By comparison, tumours from 
group 5 (ethanol injections) stopped 
growing almost immediately and re
mained stationary from day 28 to 45. 
On day 45, LO days after the last etha
nol injections, tumour volume started 
to expand again. T he difference in 
mean tumour volume between the two 
groups remained statistically significant 
(P<0.05) from day 42 to 63. 

Life-table survival curves using the 
Kaplan-Meier method and comparing 
group 5 (ethanol or t reated group) with 
group 6 (saline or control group) are 
shown in Figure 8. Up to day 30 after 
the last session of injections (corre-
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Figure 5) Proton nuclear magnetic resonance ( 1 H-NMR) longitudinal 
(Tl) and transverse (T2) relaxation time measurements in tumours 
created with saline injections compared with tumours created with er:hanol 
injections. Results are mean±SD of six mice. The analysis was done on 
day 31 on tumour fragments from group 4 ( saline injections) and group 
3 ( ethanol injections), three days after the second session of injections 

Figure 6) Tumour growch curves of mice from groups 3 and 4 are 
presented; each group was created twice, on day 24 and 28 after 
inoculation (arrows). Group 3 received ethanol injecrions and group 4 
received saline injections. Results are mean±SD of si1 mice. Effects of 
alcoholizacion on tumour growth curve compared with salme injections 
are shown 
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Figure 7) Tumour growth curves of mice from groups 5 and 6 are shown; 
each group was created four times , on days 24, 28, 31 and 35 after 
inoculation (arrows). Group 5 received er:hanol injectioru and group 6 
received saline injeccions. Results are mean±SD of six mice. Effects of 
alcoholization on tumour growth curve compared with saline injections 
are shown 

Figure 8) Survival curve of created group compared with control group 
is shown. Life-table survival curves of mice from grouJ> 5 ( created group) 
and group 6 (control group) are presenced. Each group was rreated four 
times, on days 24, 28, 31 and 35 after inoculation. Group 5 received 
ethanol injections and group 6 received saline mjeclions. The abscissa 
represents days of follow-up since last treatmern 

spending to day 65 after inoculation) 
all mice from both groups were still 
alive. The first death occurred in con
trol group 6, 31 days after the last ses
sion of injections. The other mice from 
group 6 died on days 34, 58, 66, 73 and 
75, respectively. By day 59 of follow-up, 
50% (three of six) of the mice injected 
with saline were dead whereas the six 
mice injected with ethanol were still 
a live (x2=3.35, not significant). The 
first mouse belonging to treated group 5 
died on days 62, and the others died on 
days 66, 68, 70, 73 and 73, respectively. 
Mice from treated group 5 survived 
68. 7±4.3 days after the last treatment 
compared with 56.2±19.3 days for con
trol group 6. 

3l6 

DISCUSSION 
This study shows chat a series of fine 

needle ethanol injections has a striking 
effect on CAPAN-1-3 3 5 pancreatic ac.le
nocarcinoma subcutaneously xenograf
ted in nude mice. The volume of etha
nol injected per session was fixed at 
25% of the tumour volume with a 
maximum of 0.3 ml to avoid mouse 
death due to ethanol overdose. This 
provision on the volume of injection 
could potentially have introduced a 
bias between the groups. However, 
only two mice from group 3 and three 
from group 4 received 0.3 ml ethanol 
or saline on day 28; all other mice from 
groups 3 to 6 were injected with a vol
ume of ethanol or saline corresponding 

to 25% of their tumour volume as mea
sured just before the injection. The 
authors believe that the groups from 
the same set were fully comparable; the 
tumour volumes and growth curves be
fore beginning the injections were well
matched and the only variable between 
groups was the nature of injections. 

The volume of ethanol was injected 
in four equidistant points within the 
tumour mass and produced immediate 
blanching of the tumour at the injec
tion point followed by necrosis and 
sloughing. Ethanol does not diffuse eas
ily within this type of tumour, but forc
ing a larger amount of ethanol to enter 
the same injection point often resulted 
in ethanol flowing back along the nee-
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die tract or diffusing around, instead of 
within, the tumour. lt appears that in
jecting a given volume of ethanol in 
multiple points (instead of a unique 
central injection) would give better re
sults. This observation implies the re
quirement for multiple sessions of 
injections to reach the rumour bed with 
ethanol completely. It is possible that 
injecting a larger amount of ethanol in 
multiple points <luring the same ses
sion, such as 50% of tumour volume, 
could also result in better tumour im
pingement. We are presently studying 
these hypothesis in new experiments, 
starting the injections at a lower tu
mour volume to avoid mouse death 
from ethano l overdose. 

Compared with saline, ethano l 
produced immed iate and striking lo
cal tumour destruction (as shown on 
light microscopy). Following ethanol 
injections, tumoral tissue is partly de
stroyed; the malignant cells first ap
peared fixed by ethanol, which seems 
to precipitate or denaturate the cellu
lar proteins. S uch find ings arc mostly 
found in the tissue a long the needle 
tract. The fixed malignant ce lls then 
undergo progressive degeneration an<l 
become indistingu ishable a few days 
after th e injections. This cellular de
generation seems to trigger connec
tive t issue production since a s ignifi
cant connecti ve tissue reaction was 
found surrounding the tumoral areas 
exposed to ethano l. Therefore, fol-
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