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Table 1 Comparison of the ASI group to the control group

ASI Control

Colon Rectum Colon Rectum
n 39 18 370 291
FM 18/21 6/12 177193 140/151
Age, yr (mean) 63.8 61.9 67.6 66.4
Dukes’ B® 22 8 196 150
Dukes’ C? 17 10 174 141
% G3°¢ 12.5 16.6 11.7 14.3

“F, female; M, male.

® With regard to tumor stage, the majority of patients were either
Dukes’ B2 (T3Ng) or C2 (T3N,_3); only about 10% were Dukes’ B3
(T,Ng) or C3 (TN, ).

¢ With regard to tumor grade, the majority of patients (82%) were
G2 and a minority were (3%) G1.

In cases of tumor recurrence, the best individual treatment
available, including renewed surgery, chemotherapy, and radio-
therapy (in particular for rectal carcinoma), was applied.

RESULTS

Characteristics of Patients Receiving ASI and of the
Historical Control Group. Fifty-seven patients and tumors
fulfilled all inclusion and quality criteria for ASI treatment, i.e.,
no macroscopic metastases, patients’ consent, good cellular
yield, and good quality of the vaccine. Forty-eight patients were
vaccinated with autologous tumor cells infected with NDV, and
9 patients had the vaccine admixed with BCG. No patient was
lost during the follow-up. The key date for data evaluation was
the August 31, 1993. The characteristics of the 57 patients who
were enrolled in this Phase II ASI study are summarized in
Table 1. The median follow-up period was 22 months, the
minimum 6 months, and the maximum 43 months. All patients
had received surgery between January 1, 1990 and February 28,
1993. In the ASI group, 39 tumors were located in the colon and
18 in the rectum. Thirty tumors were classified as Dukes’ B and
27 tumors as Dukes’ C. The tumors were graded as G1 (n = 2),
G2 (n = 46), and G3 (n = 9).

A historical control group (Table 1) consisted of 661 pa-
tients who had surgery in the same clinic between January 1,
1985 and December 31, 1989 because of a cancer of the colo-
rectum in Dukes’ stages B and C. The patients of the control
group did not receive any adjuvant therapy. There was no
significant difference between the ASI and the control group
with regard to age or sex distribution, tumor grade, and stage.
The 2-year survival rates did not change significantly during
five successive periods of observation (1985-1989) in the his-
torical control group (Table 2).

Side Effects of Vaccination. Erythema, swelling, and
induration at the injection site (Fig. 1C) was seen in all patients
except one. Eight patients responded with slightly increased
temperatures, up to 38°C. One patient reported diarrhea 1 day
after the vaccination. Five patients expressed tiredness on the
evening of the vaccination day. In seven patients, we saw a
generalized lymph node swelling 48 h after the first vaccination.
Generally, the vaccination was well tolerated. In contrast to the
mild side effects we saw with the NDV vaccine, the BCG
vaccine led to more serious side effects. In all BCG-treated

patients, long-lasting ulcers formed at the site of the injection
(Fig. 1, A and B). In two patients, the abscesses had to be treated
surgically. There were local lymph node swellings, and 6 of the
10 patients reported that they felt sick and fatigued.

DTH Skin Reactions to the Vaccine. In 31 patients, the
skin reactions to the NDV vaccine were systematically recorded.
Of these, 21 (68%) showed an increasing amount of DTH
reactivity during the vaccination. In 8 (26%) patients, a skin
reaction was seen, but no increase of the DTH could be observed
during the three vaccinations. One patient showed no reaction at
all, and one patient presented with a good DTH following the
first vaccination, but showed a decreased DTH reactivity during
the second and third vaccinations. The mean value of the re-
corded DTH reactions was 18 mm for the first vaccination and
26 and 29 mm for the succeeding ones. Fig. 1 shows typical skin
reactions to the NDV vaccine and to the BCG vaccine, respectively.

Two-Year Survival Rates. The mean 2-year survival
rates with SEs of colorectal carcinoma patients in the control
group and in the ASI group are summarized in Table 2. In the
control group, the 2-year survival rates at five different time
intervals since 1985 were very similar and varied between 75
and 77% for patients with colon carcinoma and between 65 and
68% for patients with rectal carcinoma. No trend could be seen
for any improvement within a time period of 5 years before the
ASI therapy. For the ASI group, the data were evaluated sepa-
rately for patients receiving the BCG vaccine (Figs. 2 and 3) and
for those receiving NDV vaccine (Table 2; Figs. 2 and 3). For all
ASI-treated patients, the overall survival rate was 93% and for
the NDV vaccine group alone, 97.9%. The respective values for
the patients with colon carcinoma and patients with rectal car-
cinoma (Table 2) treated with the NDV vaccine were 100% and
93%, respectively. All patients of the ASI group who died, died
of recurrent disease. The site of recurrent disease of colon
cancer was liver (one time), lung (one time), and lymph nodes
and lung (one time). The site of recurrent disease of rectal
cancer was liver (twice), liver and lung (one time), and pelvis
(local recurrence) and liver (one time).

The Kaplan-Meier curves of overall survival rates for all
patients are shown in Fig. 2. Without adjuvant treatment, there
was a gradual decrease in survival with a nearly linear slope in
the historical control group. The nine patients that were treated
with the ATV/BCG vaccine did not seem to benefit from this
treatment, and their 2-year survival was only 66.7%. In contrast,
the survival of the 48 patients treated with the NDV vaccine was
greater, 97%. The Kaplan-Meier estimates of the 2-year survival
in the ATV-NDV group was 96.4 = 3.5 for Dukes’ B and 95.0
* 4.9 for Dukes’ C patients.

We also performed an analysis after stratification by stage.
Fig. 3 shows the Kaplan-Meier 2-year survival curves of colo-
rectal carcinoma patients with stage Dukes’ C only. Separate
curves are shown for the historical control, BCG vaccine group,
and NDV vaccine group. Although the NDV vaccine group
showed 95% survival, the historical control had only 61.7%
(33% less) and the BCG vaccine group only 57% (38% less)
survival. The results obtained with the two vaccine types is
likely to show an advantage for the patients who were vacci-
nated with ATV-NDV.

At the moment, no difference is seen between the prognosis
of the NDV vaccine-treated patients with carcinoma of the
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Table 2 Two-year survival rates at different intervals in the control group and ASI group

Group Year n Total® Colon Rectum
I: Control
a 1985 141 71.8% *+ 3.5 74.8% = 3.2 66.1% = 3.6
b 1986 135 69.9% * 3.8 75.3% * 3.1 65.2% * 3.7
¢ 1987 122 74.1% * 3.3 76.4% * 3.0 67.4% *= 3.4
d 1988 138 74.4% *+ 3.1 76.9% * 3.1 64.5% = 3.7
e 1989 125 72.9% * 3.0 74.5% * 3.0 68.3% = 3.5
1I: ASI
NDV vaccine 91-93 48 97.9% + 2.8 100.0% = 3.0 93.3% *= 6.4

“ Percentage of colorectal carcinoma patients (Dukes’ B + C) surviving at 2 years after operation (mean * SE) (I) or after operation and ASI
treatment (IT).

Fig. 1 Skin reactions of colorectal carcinoma patients to BCG-tumor cell vaccine (A and B) or NDV-tumor cell vaccine (C). A and B, patient B. B’s
reaction to first vaccination (A, March 27, 1990) and second vaccination (B, April 9, 1990). Photograph was taken on April 23, 1990; the ulcers can
still be seen 4 weeks after first vaccination. C, patient E.L.’s reaction to second vaccination (March 4, 1991) 48 h later; diameter of induration, 19
mm; diameter of erythema, 36 mm.

rectum or colon. This contrasts with what was reported fromthe ~ DISCUSSION

ATV/BCG vaccine study by Hoover et al. (6, 8). Immunotherapy appears to be an old way of adjuvant

The Kaplan-Meier estimates for 2-year relapse-free sur- cancer therapy. In spite of its early start in 1902 (4) and many
vival in the ATV-NDV group are summarized in Table 3. reports of efficacy in individual patients, there has been no proof
Because of the small number of patients and the relatively short for its general effectivity in the form of large controlled studies.
period of follow- up, there is still a relatively high SEM. Meanwhile, the understanding of the cellular and molecular

Downloaded from clincancerres.aacrjournals.org on December 7, 2021. © 1996 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

Clinical Cancer Research 25

%
100  —
L_h‘*c;r—— n= 48
n= _‘_I_\_‘_l_
80+ - T -
R
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Fig. 3 Kaplan-Meier curves of
the survival rates for patients with
colorectal carcinoma stage Dukes’
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Table 3 Two-year relapse-free survival rates in the ATV-NDV-
treated group

Stage Colon + rectum Colon Rectum
Dukes’ B + C 71.9 =95 799 =103 667 =122
Dukes’ B 68.3 £ 12.8 788 =128 625171
Dukes’ C 85.0 £ 8.0 923 £100 714 x382

basis of immunotherapy has increased considerably. The theo-
retical basis for active specific immunotherapy and some pa-
rameters of importance for effectivity have been worked out in
two animal tumor models, the L10 hepatocarcinoma of the
guinea pig (10) and the ESb lymphoma of the DBA/2 mouse
(11-17). In the L10 hepatocarcinoma model, postoperative vac-

cination with syngeneic tumor cells mixed with BCG led to the
elimination of lymph node metastases in about 45% of the
animals. The effect of the therapy depended on the number of
tumor cells used, the ratio of BCG organisms:tumor cells, and
the viability of the tumor cells after controlled freezing, thaw-
ing, and inactivation by 100 Gy +y-irradiation. In the ESb mouse
lymphoma model, postoperative vaccination with irradiated au-
tologous tumor cells infected with NDV induced antitumor
immunity and led to protection against micrometastases in ap-
proximately 50% of the treated animals (11, 12). The ASI-
induced protective antitumor immunity was dependent on the
activation of CTLs with specificity against a tumor-associated
transplantation antigen (13). Tumor cell membrane integrity and
viability were found to be important parameters, in particular for
tumor-specific CTL activation by cancer vaccines (16). Tumor
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cell lysates were able to elicit tumor-specific DTH reactivity but
could not stimulate antitumor CTL reactivity (17). Infection of
irradiated tumor stimulator celis by a low dose of an avirulent
strain of NDV led to an augmented CTL response (18), which
could be blocked by the addition of anti-IFN-a,3 antibody (19).
Furthermore, the NDV-derived HN molecule was shown to play
an important role in this phenomenon. Using HN c-DNA trans-
fectants, it was demonstrated that the viral hemagglutinin aug-
ments peptide-specific CD8 CTL responses in general (20).
These findings suggested a role of HN in cell-cell interactions
and in costimulation of specific T cells.

In animal tumor models and human tumors, tumor-reactive
CTLs have been demonstrated to exist, and tumor-associated
T-cell epitopes associated with distinct MHC class I molecules
(e.g., HLA-A1, HLA-A2, and HLA-BS5) have been molecularly
cloned for human melanoma (21, 22). Peptide fractions have
been isolated from human melanoma which can make suitable
target cells sensitive to lysis by autologous tumor-specific T-cell
lines (23). In the case of the tyrosinase gene product in mela-
noma cells, the recognition of their peptides as tumor antigens
was restricted by HLA-A2 (24). Also, human CTL lines have
been isolated with restricted specificity for squamous cell car-
cinoma of the head and neck (25). Tumor-infiltrating lympho-
cytes were reported to lyse human renal cell carcinoma in a
HLA-A2-restricted mode (26). Adenocarcinomas of the pan-
creas, colon, breast, and ovary express epithelial cell mucin,
encoded by the MUC-1 gene and mucin-specific T cells, have
now been developed against mucin-transfected human fibroblast
and B cells (27, 28). Also, HER2/neu-derived peptides were
shown to be recognized by breast and ovarian cancer-specific
CTLs (29). There are only few reports of T-cell recognition and
immunotherapy of colorectal cancer, however (30). Hints that
colorectal cancer could be immunogenic were found using leu-
kocyte migration tests with peripheral blood leukocytes pulsed
by extracts of different colorectal tumors (31). In 93% of these
patients, the leukocytes displayed a positive migration reaction,
irrespective of the tumor stage. In animal models, products of
mutated oncogenes and tumor suppressor genes have been
shown to be recognized by specific T cells. Mutated peptides
derived from p21 ras were shown to be immunogenic (32, 33).
Such mutations have been found in adenocarcinomas of the
colon and rectum. The growth of a human colonic cancer cell
line expressing peptides derived from mutant p21 ras protein
was inhibited by respective specific CD4* T cells (33-35). This
tumor inhibition was HLA class II restricted. Mutation of the
P33 gene is the most commonly seen genetic change in human
cancer (36). In an in vitro study, specific CTL responses were
developed against a mutant p53 peptide presented by the HLA-
A2.1 molecule (37). This could be a possible mechanism for
many specific T-cell responses against human carcinomas.

In the last year, five antigens associated with human colon
carcinoma cells were described that induce specific CD4"
T-cell responses following adjuvant vaccination with irradiated
autologous tumor cells and BCG after resection of the primary
tumor (38, 39). When we started with ASI we first used the
protocol of Hoover er al. (6, 8) with the adjuvant BCG. How-
ever, the partly serious side effects led us to leave this concept.
Use of the paramyxovirus NDV instead of BCG for vaccine
modification appeared to have the following advantages (12):

1. The virus binds to the surface of the tumor cells via its
HN glycoprotein which interacts with sialic acids on ubiquitous
cell surface ganglioside receptors.

2. It replicates in infected tumor cells leading to an en-
hanced expression of viral antigens on tumor cell surfaces.

3. It induces the local production of the cytokines IFN-o,3
as well as tumor necrosis factor o and stimulates the production
of heat shock proteins, adrenocorticotropic hormone, and tissue
inhibitor of metalloproteases.

4. It has stimulating effects on T-helper cells, CTLs, natural
killer cells, and macrophages.

5. It is well tolerated, and attenuated NDV strains used in
humans showed antitumor activity (39—41) with hardly any
pathology in treated patients.

Earlier studies with the avirulent NDV strain Ulster used
here (42) showed a good compatibility of the vaccination for
humans. No ulcers or abscesses were reported. The first clinical
results were reported from patients following the resection of
liver metastases (7). As was demonstrated in previous studies
(42, 43) and also in this study, challenges with autologous tumor
cells after vaccination with NDV-infected tumor cells showed
an increase in the DTH response. This is interpreted as augmen-
tation of systemic antitumor reactivity. The DTH response was
not due to bacterial contamination nor to sensibility to the virus.

This study for the first time applied a high-quality autolo-
gous live tumor cell vaccine. The quality was improved by
Percoll density centrifugation to remove dead cells and cell
debris and applying an immunomagnetic bead procedure to
remove tumor-infiltrating lymphocytes. The purification was
always associated with a loss of tumor cells and thus of total cell
yield. At present, it cannot be decided whether the use of
primary tumor cells offers an advantage over the use of meta-
static tumor cells.

Shortly after starting this study, the results of adjuvant
chemotherapy studies by Moertel et al. (2) and Krook et al. (44)
were published. After preliminary analyses of our results, we
decided to continue with the study. We informed the patients of
the necessity and possibilities of adjuvant therapy and respected
the patients’ wishes. In comparison to the data of the study of
Moertel et al. (2), our survival data show no disadvantage for
the ASI group. The ASI treatment has clearly less side effects
than the chemotherapy and also the combined radiochemo-
therapy.

During the accrual period of this study (January 1990 until
February 1993), only 15 colon carcinoma patients decided for
adjuvant chemotherapy. For these 15 patients (who met also the
inclusion criteria of the ASI study and who received chemother-
apy), the Kaplan-Meier estimates of 2-year-survival were 80.0
* 14.6%. There was no statistically significant difference com-
pared to the ASI group (Mantel-Haenzel test).

To understand the findings in this small number of adju-
vant chemotherapy patients, one must know that the acceptance
of chemotherapy during this period was not as high as in the
United States. Until March 1994, only patients who were ac-
crued for clinical studies received adjuvant chemotherapy or
combined radiotherapy and chemotherapy. A consensus confer-
ence during the German Cancer Congress at Hamburg in March
1994 recommended adjuvant chemotherapy or combined radio-
therapy and chemotherapy for patients with colon carcinoma
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stage Dukes’ C or rectal carinoma stage Dukes’ B3 and C
outside of controlled clinical studies.

In one way our results are in line with the work of Hoover
et al. (6, 8), who suggested that ASI may have a beneficial effect
as an adjuvant therapy in colon carcinoma. Because of better
tolerability by the patients, we used NDV as adjuvant. On the
basis of the small number presented here, it cannot be decided
which form of ASI is more effective. With regard to rectal
carcinoma, Hoover et al. (8) did not see a therapy effect with
their protocol and assumed that rectal cancers may be intrinsi-
cally less immunogenic than colon carcinomas. However, their
own results of the DTH reactivity did not support this hypoth-
esis. Zoller et al. (31) could not demonstrate a difference be-
tween colon and rectal cancer extracts in their effects on leuko-
cyte migration, suggesting that there is no principal difference in
the immunogenicity of colon and rectal cancers. The concern of
Hoover et al. (8) that the early onset of the radiation therapy
could have interfered locoregionally with the effects of ASI
seems to us more obvious.

We are now at a point where we don’t have to rely on
individual case reports any more and can investigate underlying
mechanisms of anticancer immune responses and how these
respond to immunotherapy. Also, at least in some instances, the
interaction between tumor cells and autologous CTLs can now
be traced to the peptide level. The data presented here from
vaccination studies along with those from a monoclonal anti-
body trial (9) let us hope that immunotherapy may become
established as a standard form of adjuvant treatment of minimal
residual disease in human colorectal cancer.
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