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Summary. Active specific immunotherapy was performed 
in a phase I study in 20 colorectal cancer patients after 
surgical resection of the tumor. An autologous tumor cell 
vaccine surface modified by Newcastle disease virus 
(NDV) was used, which showed the following characteris- 
tics. After mechanical and enzymatic dissociation of the 
tumor tissue an average of 5 x 107 cells/g tissue was ob- 
tained. According to trypan blue dye exclusion assay the 
average viability was 72%. Following irradiation (200 Gy) 
the inactivation of proliferative activity of the cells could 
be demonstrated by the absence of incorporation of 3H- 
labelled thymidine. The cells were, however, still metabo- 
lically active as shown by the incorporation of [3H]-uridine 
and a mixture of 3H-labelled amino acids. Epithelium-spe- 
cific antigens (detected by mAb HEA125) were expressed 
on more than 75% cells of the cell suspension indicating a 
high amount of (epithelium-derived) tumor cells. In order 
to increase the immunogenicity of the tumor cells the sus- 
pended cells were infected by the nonlytic, apathogenic 
Ulster strain of NDV. The successful modification of 
tumor cells with NDV could be shown by electron micros- 
copy. Three weeks postoperatively cells were thawed, 
virus-modified, and inoculated intradermally in the upper 
thigh. Several cell and virus concentrations were tested in 
each patient. As control, tumor cells without NDV, NDV 
alone and normal colon mucosa were used. The number of 
tumor cells ranged from 2 x 106 up to 2 × 107 cells and 
NDV concentrations from 4 to 64 hemagglutination units 
(HU) were tested. Sixteen patients responded with a 
delayed-type hypersensitivity (DTH) skin reaction to the 
vaccine. The best DTH reaction, measured 24 h following 
vaccination, was obtained using a vaccine consisting of 
1 × 107 tumor cells and 32 HU NDV (median induration of 
8 mm). Response to NDV alone was seen in 2 patients only 
(median induration of 3 mm); 12 patients responded to 
tumor cells (1 x 107) alone (median induration of 4 mm). 
Of 10 patients tested with normal colorectal mucosa, 4 
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responded with a median induration of 3.5 mm. DTH re- 
sponses to the vaccine of 1 × 107 tumor cells and 32 HU 
NDV increased throughout the repeated vaccinations to a 
median induration of 9.5 mm at the end of the therapy. No 
severe side-effects in the course of the immunotherapy, 
except for mild fever in 4/20 patients, were observed. The 
results of our phase I study show that this type of autolo- 
gous colorectal tumor cell vaccine is ready for a large 
clinical trial to prove its efficacy. 

Introduction 

Recently immunotherapy has gained increasing interest as 
a treatment of cancer [5, 6, 9, 11-13].  It could be demon- 
strated in several animal models that active specific im- 
munotherapy (ASI) leads to the induction of a specific 
antitumor response [9, 10, 23]. Schirrmacher and his group 
developed an effective, immunotherapy approach in the 
highly metastatic ESb mouse lymphoma model, where 
postoperative immunotherapy with virally modified autol- 
ogous tumor cells cured about 50% of the animals from 
visceral micrometastases [23]. To prepare the tumor cell 
vaccine a non-lytic strain Ulster of the Newcastle disease 
virus (NDV) was used [10, 28]. Such NDV-modified 
tumor cells were found to have increased tumor immuno- 
genicity and to be effective for antimetastatic therapy in 
combination with surgical resection of the primary tumor. 
Postoperative immunization with ESb/NDV led to the es- 
tablishment of long-lasting systemic antitumor immunity 
mediated by tumor-associated-antigen-specific cytotoxic 
T cell clones [27, 28]. The concept of ASI also seems to be 
promising in treatment of microscopic tumor foci in 
humans. To find out to what extent this therapy could be 
transferred to human tumors a phase I study with ASI was 
performed in patients suffering from colorectal cancer with 
a high risk of local or systemic recurrence following surgi- 
cal resection of the primary tumor. It was examined 
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w h e t h e r  N D V - m o d i f i e d  c o l o n  t u m o r  ce l ls  w o u l d  i nduce  an 
i m m u n e  r e sponse  and, i f  so, w h i c h  dose  o f  t u m o r  cel ls  and 
vi rus  w o u l d  l ead  to a m a x i m a l  loca l  d e l a y e d - t y p e  hype r -  
sens i t iv i ty  ( D T H )  skin react ion .  

Materials and methods 

glutamate-pyruvate transaminase, 7-glutamyl-transpeptidase, electro- 
lytes and creatinine were monitored during therapy. 

Test for microbial contamination. Prior to vaccination, 10 BI cell suspen- 
sion was collected and plated at the surface of blood agar, and incubated 
for 24 h at 37 ° C. Thereafter the colonies were counted and the species of 
germs subsequently determined by a standard biochemical differen- 
tiation. 

Patients. A group of 20 colorectal cancer patients (9 rectal tumors, 11 
colon tumors; patients had an average age of 64 years) entered the 
clinical phase I study. All of them underwent colon or rectal tumor 
resection. Staging revealed Dukes B in 12 and Dukes C in 8 patients. All 
patients signed an informed consent for this study according to institu- 
tional and federal guidelines. 

Preparation of viable single-cell suspension and storage. Following 
surgical resection, specimens were immediately examined by a pathoto- 
gist and staged according to the Astler and Coller [1] classification. 
Tumor tissue from 20 patients and in 10 cases also tissue from unin- 
volved mucosa was transported to the clinical laboratory at 4 ° C in RPMI 
medium supplemented with 300 gg/ml penicillin, 300 gg/ml streptomy- 
cin and 500 gg/tal gentamicin. All tissue samples were washed with 
Hanks' balanced salt solution (HBSS) and minced into 3-to-5-mm s 
pieces under sterile conditions. Necrotic debris and adipose tissue were 
removed. Following transfer into trypsination flasks, the tissue samples 
were dissociated using 0.14% type I collagenase and 0.1% type I DNase 
(Sigma, St. Louis, USA) in HBSS. The tissue was incubated at 37°C for 
30 min under gentle agitation to achieve better dissociation. Supernatant 
containing dissociated cells and fragments was filtered through a 40-gm 
mesh and thereafter centrifuged at 1200 rpm for 10 min. The cells were 
resuspended in 40 gl HBSS, counted, and the viability was determined 
using the trypan blue dye exclusion test. After pelleting the cells again, a 
freezing medium (HBSS supplemented with 7.5% dimethylsulfoxide and 
5% human serum albumin) was added and 1 x 107 cells were frozen in a 
vial using a programmable freezer (BV 9, Cryoson, Schöilkrippen, FRG) 
down to -80 ° C. The vials were stored in liquid nitrogen until the prepa- 
ration of the v accine [15]. 

Preparation of virus-modified tumor cell vaccines. Routinely the first 
vaccination was performed 3 weeks following surgery. To prepare the 
vaccine the cells were thawed rapidly in a 37 ° C water bath and trans- 
ferred out of the cryo-vial into a 50-tal tube. HBSS and 0.1% DNase were 
added dropwise to the cells. Following several washings using HBSS the 
number and viability of the cells were checked. Cells, thereafter, were 
incubated with NDV at 37 ° C for 1 hour. After a final centrifugation the 
cell pellet was resuspended in 200 gl NaC1 and inactivated by irradiation 
with 200 Gy (137Cs source; Gammacell 1000, Atomic Energy of Canada, 
Ottawa). 

Immunoperoxidase staining. Cytospins were performed with 2× 105 
tumor cells (7 min, 55 g). Immunoperoxidase staining was performed as 
described elsewhere [19]. Briefly, the air-dried samples were fixed for 
10 min in 100% acetone at room temperature and incubated for 60 min 
with the mouse monoclon~aL antibody HEA125 (directed against the 
epithelium-specific antigen Egp34 [18]. After rinsing, the specimens 
were incubated fo 60 min at room temperature with a biotinylated sheep 
anti-(mouse IgG) and thereafter for 60 min at room temperature with a 
biotinylated steptavidin-peroxidase complex (both Amersham, Budec, 
UK). Following an additional rinsing, the preparations were incubated 
for 10 min at room temperature in the substrate (3-amino-9-ethylcarba- 
zole, Sigma). Finally the cells were stained embedded in Euparal 
(Chroma). 

Transmission electron microscopy. The virus-infected cells were fixed 
first with 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2) and, 
after washing with this buffer, postfixed with 1% osmium tetroxide in 
cacodylate buffer (for 30 min each at room temperature). Following 
stepwise dehydration in acetone (70%, 90%, 100%) the samples were 
embedded in epoxy resin according to Spurt [25]. Thin sections were cut 
with an ultramicrotome (OM U3, Reichart), stained with uranyl acetate 
(1% in 70% acetone) following lead citrate (1%, aqueous) and observed 
using an electron microscope. 

Incorporation of tritium-labelled thymidine, uridine and a mixture of 
amino acids. Each batch of 5 × 105 cells isolated from the surgically 
removed tumor tissue was incubated as described in detail elsewhere [24] 
with 1 ~tCi/ml [3H]thymidine (sp. act. 777 MBq/mg; Amersham), [3H]- 
uridine (spec. act. 759 MBq/mg; Amersham) or an 3H-labelled amino 
acid mixture (leucine, sp. act. 35.7 GBq/mg; lysine monohydrochloride, 
sp. act. 15.5 GBq/mg; phenylalanine, sp. act. 27.6 GBq/mg; proline, sp. 
act. 31.23 GBq/mg; tyrosine, sp. act. 20.7 GBq/mg; Amersham) in HBSS 
at 37 ° C for 30 min. The samples were then rinsed twice with HBSS and 
precipitated in 5% ice-cold trichloroacetic acid. Thereafter they were 
applied to a Whatman filter, rinsed with 96% methylated ethanol and 
air-dried. After addition of 5 ml scintillation solution the activity of the 
probes was determined using a beta counter (LS 7000, Beckmann). 

Results 

lmmunization of patients and recording of response. Patients were vacci- 
nated intradermally in the upper ttligh with vaccination sites 6 cm apart. 
In each patient several cell and virus concentrations were tested separate- 
ly or in combination using a checkerboard protocol to find out optimal 
parameters for the vaccine. The number of tumor cells ranged from 
2 x 106 up to 2 x 107 and the amount ofNDV from 2 to 64 hemagglutina- 
tion units (HU). For the control, tumor cells without NDV, NDV alone 
and cells from normal mucosa were used for vaccination. In 5 patients we 
also used purified carcinoembryonic antigen (a generous gift from J.-P. 
Mach, Lausanne, Switzerland), at a concentration of 30 gg and 60 gg, as 
a vaccine in the same manner. For control of the immune response, local 
delayed-type hypersensitivity skin reactions at the vaccination site were 
recorded 24 h and 48 h following injection, and induration was measured 
as the diameter (mm). Indurations measuring more than 3 mm in diame- 
ter were considered positive. For statistical analysis the Wilcoxon 
matched-pairs signed rank tests was performed. All vaccinations and 
controls of local reaction were performed by one person to minimize 
individual variability. Vaccinations were repeated every 10 days up to 
four times. For documentation of side-effects differential white and red 
blood cell counts, aminopeptidase, glutamate-oxaloacetate transaminase, 

Characterization o f  the vaccine 

Cytological  data. F r o m  all 20 pat ients  u n d e r g o i n g  opera-  
t ion,  su f f i c ien t  t u m o r  ce l ls  cou ld  be  ob ta ined  to p e r f o r m  the 
ac t ive  spec i f i c  i m m u n o t h e r a p y  pro tocol .  T h e  y ie ld  o f  cel ls  
f r o m  tumors  o f  c o l o n  or  rec ta l  o r ig in  was  5 + 3 × 107/g 
t umor  t i ssue  on  ave rage .  Ce l l  y ie ld  pe r  g r a m  o f  t i ssue was 
s l ight ly  grea te r  for  t u m o r  samples  than  fo r  n o r m a l  mucosa .  
The  v iab i l i ty  o f  ce l ls  was  about  7 2 %  (Table  1). S ince  
co lo rec ta l  c a r c i n o m a s  are d e r i v e d  f r o m  ep i the l i a l  cel ls ,  we  
used  the e p i t h e l i u m - s p e c i f i c  m o n o c l o n a l  an t ibody  
H E A 1 2 5  to test  for  the p r e s e n c e  o f  t u m o r  ce l ls  wi th in  the 
prepara t ions .  In  cy to sp in  p repara t ions  o f  d i s soc ia ted  ce l ls  
m o r e  than  75 % of  the  ce l ls  w e r e  H E A  125-po si t ive (Fig. 1 ). 
T h e  v a c c i n e  was  cha r ac t e r i z ed  m i c r o s c o p i c a l l y  and s h o w n  
to cons i s t  o f  a m i x t u r e  o f  ce l l  types.  Bes ides  t umor  cel ls ,  
e ry th rocy tes ,  l eukocy tes ,  o ther  cel ls ,  and debr is  w e r e  de-  
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Table 1. Viability and yield of cells dissociated from colorectal cancer 
tissue 

Investigated parameters Results 

Viability 
Trypan blue dye After dissociation 72 _+ 12% 
exclusion test, n = 10 After storage in liquid N2 75 _+ 22% 

Propidium iodide, n = 8 Before irradiation 82 _+ 15% 
After irradiation 84_+ 9% 

Yield of cells, n = 20 Per gram tissue 5 +3  x 107 
Total 9 + 6  × 107 

Fig. 1. Sample of  dissociated cells stained with the monoclonal antibody 
HEA125. Phase-contrast optics, ×700 

Fig. 2. Transmission electron microscopy of tumor cell vaccine. New- 
castle disease virus (NDV) particles are attached to tumor cell surface 

tected. Electron-microscopic investigations of cells incu- 
bated for 1 h with NDV showed that in one of seven to ten 
cell sections virus particles were identified at the cell sur- 
face (Fig. 2). NDV was also associated with fragments of 
cell membranes or unbound between the cells. 

X-irradiation effect. The effect of irradiation on the bio- 
logical activity, in particular on replication, transcription, 
and translation of the cell preparations, was investigated 
for individual dissociated samples of the 20 primary 
tumors. No thymidine incorporation was seen after irra- 
diation. In 5/13 samples [3H]-uridine and in 3/10 samples 
3H-labelled amino acid incorporation exceeded 
500 cpm/5 × 105 cells after irradiation, which indicates 
metabolic activity. 

Table 2. Local delayed-type hypersensitivity (DTH) reaction to the con- 
trol (24 h p. i.) 

Preparation DTH reaction 
positive 

Median induration (mm) 

First application Last application 

NDV 2/20 3.0 (3 .0-  3.5) 
4 -  64 HU ~ 

Tumor cells 12/20 4.0 (3.0 - 9.5) 
1 x 107 5/12 - 

Uninvolvedmucosa 4/10 3.5 (3.0-6.5) 
2×  1 0 6 - 2 x  10 v 

Carcinoembryonic 0/5 
antigen 
3 0 - 6 0  gg 

3.5 (3.0-4.0) 

5.0 (4.0-12.0)  

3.5 (3.0-7.0)  

a HU, hemagglutinating units 

Table 3. Local DTH reaction to the vaccine (24 h p. i.) 

Vaccine DTH reaction Median induration (mm) 
positive 

First vaccination Last vaccination 

2 x 106 tumor cells 
+ 4 HU NDV 3/6 3.0 (3.0-4.0) 
+ 32 HU NDV 7/12 4.0 (3.5-7.5) 
+ 64 HU NDV 3/6 4.5 (3.0-7.0) 

1 x 107 tumor cells 
+ 4 HU NDV 6/9 4.0 (3 .0 -  8.0) 
+ 32 HU NDV 16/20 8.0 (3.5 - 14.0) 
+ 64 HU NDV 6/10 6.5 (3.0-13.0) 

2 × 107 tumor cells 
+ 32 HU NDV 2/4 6.5 (3.0-14.0) 

5.0 (3.0-8.5) 
5.0 (3.0-7.5) 

4.5 (3 .0-  9.0) 
9.5 (5.0-15.5) 
7.2 (3.0-14.5) 

Bacterial contamination. Preparations of dissociated 
colorectal primary tumors were contaminated mainly by 
commensals of the intestinal tract, and was found im- 
possible to eliminate them by irradiation. Surviving micro- 
organisms were seen even after irradiating the samples 
with 600 Gy. After supplementing the processing medium 
with antibiotics, however, micro-organisms were no longer 
detected in the preparations. 
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Table 4. Local DTH reaction to the vaccine (24 h p. i.) of 16 patients 

Induration (mm) 

Preparations consisting of 1 x 107 tumor cells + 32 HU NDV Preparations consisting of 1 x 107 tumor cells alone 

First vaccination Last vaccination First application Last application 

Median 

9.0 14.0 
10.0 11.0 3.0 4.5 
5.0 7.0 5.0 6.0 

10.0 8.0 
10.0 15.5 
7.0 9.0 
5.0 6.0 
3.5 7.0 
5.0 5.0 3.0 4.0 
4.0 13.0 

14.0 10.0 
8.O 10.0 
9.0 9.5 
8.0 9.5 

10.0 12.0 8.0 12.0 
4.0 5.0 3.0 5.0 

8 9.5 3 5 

Clinical results 

Side-effects. Of the 20 patients, 4 developed a mild fever 
(<38.5°C) during the first vaccination, and 10 patients 
recorded a mild itching at the vaccination site. Liver 
enzyme values and hematological indices did not show any 
significant changes during vaccination. No other side-ef- 
fects could be observed. Following intradermal application 
neither local ulceration nor local necrosis could be ob- 
served. 

Fig. 3. Local delayed-type hypersensitivity skin responses 24 h p.i. of 
the vaccine: skin reaction to a vaccine consisting of 1 x 10 v cells incubat- 
ed with 32 hemagglutinating units NDV and without NDV preparation 

Skin reaction to autologous tumor cells. Peak reactions of 
local inflammation and induration were observed 2 4 - 4 8  h 
post injection and induration usually lasted up to 7 days. Of 
the 20 patients, 12 reacted at the first vaccination with a 
local DTH reaction to tumor cells given as a sample of 
1 × 107 cells. The median induration was 4 mm (Table 2). 
Vaccination could be performed only once in 15 patients 
because there was an insufficient number of tumor cells. In 
5 patients vaccination with tumor cells alone could be 
carried out up to four times along with the virus-modified 
tumor cell vaccine. The DTH response in these patients 
increased from a median of 3 mm at the beginning of the 
vaccination up to 5 mm at the end of the vaccination. 
Statistical evaluation of the increase of the skin reaction 
using the Wilcoxon matched-pairs signet tank test revealed 
a significance o f P  = 0.03. Data are shown in Table 4. 

Skin reaction to NDV. Of the 20 patients, 2 responded with 
a median induration of 3.0 mm to NDV, and the number of 
patients reacting, as well as the local reaction, did not 
significantly increase throughout vaccination (Table 2). 

Skin reaction to mucosa. In 10 patients the DTH responses 
to cells of normal, uninvolved autologous colon mucosa 
without NDV were tested, 4 of them revealing a median 
induration of 3.5 mm, which was constant throughout four 
vaccinations (Table 2). 

Skin reaction to carcinoembryonic antigen. None of the 5 
patients inoculated with purified carcinoembryonic antigen 
at a dose of 30 ~tg or 60 gg showed any skin reaction, 
neither at the first nor at the fourth and the last vaccination 
(Table 2). 

Skin reaction to autologous tumor cells incubated with 
NDV. The best DTH reaction was seen when a vaccine 



consisting of 1 x 107 irradiated tumor cells and 32 HU 
NDV (Fig. 3) was applied. Out of 20 patients 16 responded 
with a median induration of 8.0 mm, ranging from 3.5 mm 
to 14.0 mm as measured 24 h p.i. Local skin induration 
following intradermal inoculation of this vaccine increased 
up to 9.5 mm, ranging from 5.0 mm to 15.5 nun at the last 
vaccination (Tables 3, 4). Statistical evaluation of this in- 
crease reveals a significance of P = 0.0231 in a Wilcoxon 
matched-pairs signed rank test. When a vaccine consisting 
of l x 107 tumor cells and 4 HU NDV was tested in 
9 patients, 6 of them reacted with a median induration of 
4.0 mm, and 6 of 10 patients reacted with a median indura- 
tion of 6.5 mm to a vaccine consisting of 1 × 107 tumor 
cells incubated with 64 HU NDV. Skin reactions to a vac- 
cine consisting of fewer tumor cells were less marked: 7 of 
12 patients reacted with a median induration of 4.0 mm to 
a vaccine of 2 x 106 cells and 32 HU NDV. Increasing the 
number of tumor cells did not improve the DTH reaction: 
2 of 4 patients showed an induration of 6.5 mm following 
vaccination of 2 × 107 tumor cells and 32 HU NDV. 

Discussion 

The biological efficacy of ASI has already been demon- 
strated in several animal models [9, 22, 23], and clinical 
trials of ASI in colorectal cancer patients have been per- 
formed using a vaccine of autologous tumor cells mixed 
with bacillus calmette-Guérin (BCG). A prolongation of 
disease-free interval and increased survival in patients with 
Dukes B2 and C colorectal cancer could be shown by 
Hoover et al. [12] and Jessup et al. [13]. Because of our 
own encouraging results in the Esb animal tumor model 
with tumor cell vaccines modified by infection with NDV 
[22, 23], we have performed a phase I ASI study with an 
analogous protocol of tumor vaccines consisting of NDV- 
infected intact autologous tumor cells. NDV is well known 
to be non-toxic for humans [5]. Several ways of immune 
stimulation by NDV are suggested and described in the 
literature: induction of interferon c~ and [3 as well as of 
tumor necrosis factor c~ [4, 16, 17]. A stimulation by NDV 
of cellular accumulation of mRNAs for stress proteins has 
also been described [8]. In the animal model an increased 
CD4-positive T-cell-mediated helper response and an in- 
creased number of tumor-specific CD8-positive cytotoxic 
T lymphocyte precursors could be observed following 
vaccination [21, 27]. 

The efficacy of the postoperative therapeutic effect of 
vaccination in the animal tumor model depended on the 
viability of the inoculated cells and on a successful NDV 
adsorption [10, 22, 23, 28]. The adsorption of NDV to cells 
dissociated from tissue of colorectal tumors was shown by 
electron microscopy. According to our trypan blue dye 
exclusion test and incorporation data, a sufficiently high 
percentage of viable cells was obtained after tissue disso- 
ciation. The average yield of isolated cells from primary 
tumors was higher than previously described [12, 13]. Be- 
cause of the staining characteristics of the epithelium- 
specific monoclonal antibody HEA125, the proportion 
of tumor cells in our dissociated cell preparations was at 
least 75%. 
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Even after low-dose irradiation most cells degenerate 
after further incubation in tissue culture as a consequence 
of chromosome and DNA damage [26, 29]. From our 
incorporation data following 200 Gy irradiation we could 
conclude that the dissociated irradiated cells no longer 
replicated and, therefore, could be used as a safe live 
vaccine. 

During dissociation of colorectal tumors, contamina- 
tion with intestinal bacteria has to be taken into account. 
According to Hoover et al. [12] and Jessup et al. [13] 
bacterial contamination does not affect the delayed-type 
hypersensitivity (DTH) skin reaction. Nevertheless, we 
eliminated live microbial contaminations from cell suspen- 
sions dissociated from colorectal carcinomas by sup- 
plementing the preparation medium with antibiotics. 

To obtain optimal effects the correct dose of NDV and 
cells is important. In the animal tumor model it was shown 
that vaccines combined with a low dose of NDV induced 
the best antitumor immunity [10]. To achieve an optimal 
DTH reaction it seems to be necessary to vaccinate with at 
least ( 0 . 5 -1 .0 )x  107 tumor cells. The optimal concentra- 
tion of NDV virus was 32 HU/1 × 107 cells, this being a 
rather small value and similar to that used in the ESb 
animal tumor model [10, 22, 23]. Since we already could 
observe a reaction to the first vaccination 24 h p.i., this 
might represent a preexisting immunity. It has been shown 
that humoral and cell-mediated immunity directed to autol- 
ogous tumor-associated antigens are detectable in most 
patients suffering colorectal cancer already in the preopera- 
tive period [14]. ASI, therefore, probably boosts a preex- 
isting immunity instead of inducing a new one. This might 
be the reason for the positive reaction to tumor cells alone 
in 12 of the 20 patients at the time of the first vaccination. 
Although the DTH reaction is a very important means for 
evaluating cell-mediated immunity, the question still re- 
mains whether it really corresponds to the systemic im- 
mune response with antitumor protection [2]. Whether a 
different time interval of vaccination would lead to a better 
DTH reaction also has to be investigated. The finding of 
the weak reaction to uninvolved mucosa as well as the lack 
of any reaction to vaccination with carcinoembryonic an- 
tigen and NDV suppo~s the hypothesis of a specific im- 
mune response to tumor cells. We could show a significant 
increase of this immune response to a modified tumor cell 
vaccine throughout vaccination. An increase of local reac- 
tivity to tumor cells alone at the end of the vaccination as 
compared to the first vaccination could also be observed, 
although this could be tested in 5 patients only becanse of 
limitations in cellular material. 

No severe concomitant side-effects were observed. Ef- 
forts have to be made to find parameters correlating to the 
degree of immune response and to define clearly which 
patient population might profit from such a vaccination 
protocol. Further clinical investigations in a phase II/III 
trial therefore have to be carried out for a better under- 
standing of this kind of therapy and to prove the clinical 
value of ASI. 
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