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Abstract
Purpose Metastatic disease is a major cause of mortality
in colorectal cancer patients. Even after complete resection
of isolated liver metastases, recurrence develops in the
majority of patients. Therefore, development of strategies
to prevent recurrent liver metastases is of major clinical
importance. The present prospectively randomised phase
III trial investigates the eYciency of active speciWc immu-
notherapy (ASI) after liver resection for hepatic metastases
of colorectal cancer.
Methods Patients with histologically conWrmed liver
metastases from colorectal cancer were randomised to the
vaccination or control group. After complete resection of
liver metastases, patients randomised to the vaccination
group received six doses of Newcastle disease virus (NDV)
infected autologous tumour cell vaccine (ATV-NDV). The

primary end-point was overall survival, secondary end-
points were disease-free survival and metastases-free
survival.
Results Fifty-one patients were enrolled in the study with
50 patients available for analysis. The follow-up period was
116.1 § 23.8 month in the vaccination arm and 112.4 §
18.5 month in the control group. In the total patient group,
no diVerences in the primary and secondary end-points were
detected. Most interestingly, subgroup analysis revealed a
signiWcant advantage for vaccinated colon cancer patients
with respect to overall survival [hazard ratio: 3.3; 95%, con-
Wdence interval (CI): 1.0–10.4; P = 0.042] and metastases-
free survival (hazard ratio: 2.7; 95%, CI: 1.0–7.4; P = 0.047)
in the intention-to-treat analysis.
Conclusion Active speciWc immunotherapy in unselected
colorectal cancer patients was not eVective for prevention
of recurrent metastatic disease. However, in colon cancer
patients, ASI with ATV-NDV appears to be beneWcial pro-
longing overall and metastases-free survival.

Keywords Active immunotherapy · Combined modality 
treatment · Colorectal neoplasms · Liver neoplasms · 
Clinical trials

Introduction

Metastases are the major cause of mortality in colorectal
cancer patients [1]. The liver is the most frequent site for
distant metastases, with up to 15–25% of patients suVering
from synchronous, and another 20–50% developing
metachronous liver metastases within the Wrst 5 years
following complete resection of the primary tumor [2].
Untreated liver metastases are associated with a median
survival of 6–12 months [3, 4]. Surgical resection has
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proven to be a highly eVective treatment option for singular
liver metastases, achieving a median survival of 30–
40 months and a 5-year survival of 20–40% [5–7]. How-
ever, even after complete resection, liver metastases recur
in up to 75% of patients, with the highest risk of relapse
within the Wrst 2 years following liver resection [8]. Adju-
vant therapies designed to reduce recurrence of liver metas-
tases after potentially curative liver resection mainly
include systemic or intrahepatic chemotherapy or combina-
tions of both. Clinical trials evaluating those approaches
showed conXicting and unsatisfactory results [9, 10].

Therefore, the search for additional strategies to prevent
recurrent liver metastases is of major importance. Our
group previously reported on the optimization of a proto-
col for adjuvant active speciWc immunization based on an
autologous tumor cell vaccine modiWed by the non-lytic,
low pathogenic Ulster strain of the Newcastle disease virus
(NDV) [11]. In contrast to lytic strains of NDV, the antitu-
moral action of the Ulster strain results from its potent
immune-stimulating properties that aVect as well the
innate as the adaptive immune system. Infection of tumor
cells with live NDV results in a potent up-regulation of
MHC class I and cell adhesion molecules on the tumor cell
surface [12, 13]. Moreover, NDV infection of tumor cells
leads to an improved tumor cell/T-cell interaction and an
increased T cell co-stimulatory activity [14, 15]. Conse-
quently, an increased cytotoxic potential of T cells in in-
vitro co-incubation studies with NDV-infected tumor cells
was observed [12, 14]. Expression of viral proteins at the
tumor cell surface and presence of virus derived pathogen-
associated molecular patterns (e.g. double-stranded RNA)
results in breaking of host tolerance towards the tumor in
vitro [14]. The T cell stimulatory action of dendritic cells
pulsed with lysates of NDV infected tumor cells as well as
the antitumor cytotoxicity of macrophages and monocytes
is increased [16–18]. Finally, NDV induces increased pro-
duction of various cytokines, e.g. interferon � as well as
chemokines, e.g. RANTES, inXuencing the migration, the
activational status and cytotoxic activity of various
immune cells [19, 20]. Clinical phase I and II studies in
various tumor entities have proven the safety of ASI with
NDV-modiWed tumor cells. A detailed description of the
mechanisms of action of ATV-NDV vaccine and results
from other studies in cancer patients were reviewed
recently [21]. In a clinical phase II trial we observed a
recurrence rate of 61% in a group of 23 vaccinated colo-
rectal cancer patients. This constituted a remarkable reduc-
tion compared to a 87% recurrence rate in a historical
matched control group [22]. Based on these results, this
prospectively randomized phase III trial investigates the
eYcacy of active speciWc immunotherapy (ASI) in patients
following liver resection for hepatic metastases of colorec-
tal cancer.

Materials and methods

Patients

Fifty-one patients with histologically conWrmed liver
metastases of an adenocarcinoma of the colon or rectum
were included in this trial. Eligible patients had undergone
curative resection of the primary tumor and presented with
metachronous metastases or were diagnosed with resect-
able synchronous liver metastases without evidence for fur-
ther distant disease, local recurrence or secondary tumor.
Patients with one of the following criteria were excluded
from the trial: (1) other malignant diseases in their personal
history, (2) inXammatory bowel disease or Turcot syn-
drome, (3) immunosuppressive treatment, autoimmune
disease, protein intolerance, (4) history of severe cardiovas-
cular disease, (5) history of chemotherapy or radiotherapy
in a non-adjuvant or non-neoadjuvant setting, (6) liver
dysfunction, (7) renal failure and hematopoietic insuY-
ciency (8) carcinoembryonic antigen (CEA) level >5 ng/
mL after resection of metastases and (9) incomplete surgi-
cal resection of metastatic disease. Ethical approval of the
trial protocol was given by the medical boards of the two
participating centers (Robert-Rössle-Klinik, Charité,
University Medicine Berlin and University of Heidelberg).
Before inclusion in the trial, informed consent for participa-
tion in the trial was obtained from all patients. Patients
were prospectively randomized after stratiWcation accord-
ing to the following criteria: (1) sex; (2) primary colon or
rectal cancer (3) synchronous or metachronous metastases;
(4) solitary or multiple liver metastases.

Vaccine preparation

Single cells suspensions were prepared from the metastasis
as previously described and stored in liquid nitrogen until
further use [22]. On the day of vaccination, cell aliquots
were rapidly thawed and incubated with 32 hemagglutinat-
ing units (HU) of the avirulent Ulster strain of NDV.
Finally, cells were suspended in 250 �L HBSS and stored
at 4°C on ice until vaccination.

Immunization protocol

Patients randomized to the ASI group received the Wrst vac-
cination 14–21 days after the resection of metastases. The
vaccination schedule is shown in Fig. 1. Vaccines contain-
ing 1 £ 107 irradiated tumor cells infected with 32 HU
NDV were injected intradermally (id) in the skin of the
non-dominant forearm. A complete ASI cycle involved Wve
consecutive vaccinations at 2-week intervals and one boost
3 months later. HBSS served as negative control. Patients
were closely monitored for the occurrence of adverse
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reactions. Follow-up: patient follow-up was performed
according to a standardized protocol: every 3 months dur-
ing the Wrst 3 years, every 6 months during the following
2 years and once yearly the following years. Documented
histological diagnosis was required to conWrm disease
recurrence. Exceptionally, unequivocal Wndings in chest
radiographies or CT scans were accepted for diagnoses of
lung or liver metastases. When patients were lost for regu-
lar follow-up, the treating physician was contacted to obtain
written information on the actual state of health of the
patient.

The primary end-point of the trial was overall survival
(OS). Secondary endpoints were disease-free survival
(DFS) and metastases-free survival (MFS). OS, DFS and
MFS were calculated from the date of metastases resection.

Statistics

The survival curves of DFS, MFS and OS in the treatment
groups were estimated according to Kaplan–Meier and
analyzed with Log-Rank-statistics (Breslow�s test for
early follow-up intervals and Log-Rank-test for late fol-
low-up intervals) as well as with the Cox’ proportional
hazard regression. Median survivals and hazard ratios with
95% conWdence intervals (CIs) were determined as usual.
For comparison of categorical variables, �2 tests were
applied. If prerequisites for the application of the �2 test
were not fulWlled, the exact Fishers test was applied. For
comparison of continuous variables, the t-test was per-
formed after veriWcation of Gaussian distribution by the
Kolmogorov–Smirnov-test. If Gaussian distribution could
not be assumed, the Mann Whitney-U test was adopted. A
signiWcance level of P < 0.05 was considered signiWcant.

Because of the exploratory character of the analysis, the
reached P-values are to be understood as exploratory ones.
For the same reason, no adjustments for multiple testing
were undertaken.

Microsoft Access was used for data collection and the
SPSS 12.0 software package (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis.

Results

Patient characteristics

From September 1991 to March 1998, 51 patients were
recruited for this trial and randomized to the vaccination or
control group. One patient from the control group suVering
from metachronous liver metastases of an UICC Stage III
ascending colon cancer was lost to follow-up and was
therefore excluded from the statistical analysis.

The demographic patient data and the characteristics of
the primary tumor of the remaining 50 patients are depicted
in Table 1. The two treatment groups were similar with
respect to age, sex as well as to histopathological character-
istics and therapy of the primary tumor.

The majority of patients entered the trial with metachro-
nous liver metastases [19 patients (76%) and 21 patients
(84%) of the ASI and control group, respectively]. Detailed
clinical and histological information on the liver metastases
is summarized in Table 2. In order to assess the risk for
recurrent liver metastases, a clinical score as described by
Fong et al. was calculated [5]. There were no statistically
signiWcant diVerences concerning the risk for recurrent
liver disease between both treatment groups.

Fig. 1 Study design (a) and vaccination schedule (b) for patients randomised to the ASI group
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Protocol violations

One patient in each group was treated according to the pro-
tocol of the opposite randomization group. Of these two
patients, one patient initially randomized to the control

group chose to be treated in the ASI group after randomiza-
tion. This patient suVered from metachronous liver metasta-
ses diagnosed 12 months after an UICC stage II rectal
carcinoma. He developed recurrent liver metastases
6 months after randomization and died 37 months later.

Table 1 Demographic patient 
data and characteristics of the 
primary tumor

Characteristic ASI group 
(n = 25)

Control group 
(n = 25)

P

Demographic patient data

Age (years)

Mean 58.3 59.7 0.569

Range 41–75 37–71

Sex

Male 13 (52%) 14 (56%) 0.389

Female 12 (48%) 11 (44%)

Primary tumor

Localization

Colon 13 (52%) 14 (56%) 1.0

Rectum 12 (48%) 11 (44%)

UICC stage

I 1 (4%) –

II 8 (32%) 8 (32%) 0.513

III 8 (32%) 12 (48%)

IV 8 (32%) 5 (20%)
DiVerentiation
G1 3 (12%) 3 (12%)

G2 18 (72%) 19 (76%) 1.0

G3 3 (12%) 3 (12%)

ND 1 (4%) –

Venous invasion

V0 7 (28%) 9 (36%)

V1 1 (4%) 1 (4%) 0.878

ND 17 (68%) 15 (60%)

Lymphatic vessel invasion

L0 4 (16%) 6 (24%)

L1 7 (28%) 5 (20%) 0.693

ND 14 (56%) 14 (56%)

Lymph node involvement

N0 10 (40%) 9 (36%)

N+ 15 (60%) 14 (56%) 0.611

Nx – 2 (8%)

Number of removed lymph nodesMedian (Range) 9 (4–71) 14 (0–51) 0.990

Number of involved lymph nodes 
in N+ patients median (range)

1 (1–4) 2.5 (1–11) 0.062

Neoadjuvant therapy

None 25 (100%) 21 (84%) 0.11

Radiochemotherapy – 4 (16%)

Adjuvant therapy

None 22 (88%) 17 (68%) 0.162

Chemotherapy 2 (8%) 7 (28%)

Radiochemotherapy 1 (4%) 1 (4%)
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Due to recurrent pleural eVusions following liver resection,
vaccination of one patient initially randomized to the ASI
group was not initiated. This patient suVered from hepatic
metastases diagnosed 30 months after resection of a stage
III colon cancer. He was treated according to the protocol
of the control group and developed lung and recurrent liver
metastases 15 months after randomization and died
36 months later. Both patients were included in the inten-
tion-to-treat (ITT) analysis but excluded from the per-
protocol (PP) analysis.

Quantitative parameters of immunotherapy

Eleven patients (44%) of the ASI group received the Wrst
vaccination between 14 and 21 days after liver resection.
Due to technical and logistic reasons, ten patients were
given the Wrst vaccination earlier than 14 days, and four
patients later than 21 days (range 9–53 days).

Eighteen (72%) patients completed a series of at least six
vaccinations. Three patients exceeded the number of six vac-
cinations receiving seven, eleven and twelve vaccinations.

Table 2 Clinical 
and histological characteristics 
of metastatic disease

Characteristic ASI group 
(n = 25)

Control group 
(n = 25)

P

Synchron/metachron

Synchron 6 (24%) 4 (16%) 0.725

Metachron 19 (76%) 21 (84%)

Recurrence-free interval (metachron only)

<12 months 3 (15.8%) 6 (28.6%)

12–36 months 12 (63.2%) 12 (57.1%) 1

>36 months 4 (21.1%) 3 (14.3%)

Mean § SD (months) 27.9 § 15.9 22.1 § 17.0

Localization

Liver

One segment 6 (24%) 13 (52%)

Multiple segments 19 (76%) 10 (40%) 0.042

ND – 2 (8%)

Single/multiple metastasis

Single 15 (60%) 17 (68%)

Multiple 10 (40%) 6 (24%) 0.368

ND – 2 (8%)

Grading

G1 – –

G2 22 (88%) 20 (80%)

G3 3 (12%) 4 (16%) 0.702

ND – 1 (4%)
Diameter of largest metastases 

(mean § SD in mm)
41.7 § 24.8 39.1 § 20.8 0.689

Type of liver surgery

Segmental resection 6 (24%) 12 (48%)

Plurisegmentectomy 12 (48%) 8 (32%)

Hemihepatectomy 4 (16%) 1 (4%) 0.335

Extended hemihepatectomy 1 (4%) 1 (4%)

Atypical resection 2 (8%) 3 (12%)
Tumor-free margin (mean § SD in mm) 10.0 § 8.4 7.6 § 5.8 0.347

Clinical score for recurrence 
after liver resection [5]

0 6 (24%) 3 (12%) 0.63

1 3 (12%) 10 (40%)

2 8 (32%) 7 (28%)

3 6 (24%) 4 (16%)

4 2 (8%) 1 (4%)
ND not deWned
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Two, one and three patients received three, four and Wve
vaccinations, respectively. Five of those patients developed
disease recurrence before completion of the vaccination
schedule. In one patient, tumor material was only suYcient
for four vaccinations.

Immunotherapy-related morbidity

All vaccinations were well tolerated. In total, four (16%)
patients treated with ASI experienced minor side eVects.
The predominant side eVects were local erythema and itch-
ing at the injection site. Only one patient reported head-
aches on the day of the Wrst vaccination that did not recur
after subsequent vaccinations. Ulcerations or symptoms of
autoimmune disease were not observed in the vaccinated
patient group.

Recurrence pattern

In total, 18 patients (72%) from each randomization group
developed recurrent disease during the observation
period. The pattern of Wrst recurrence after treatment of
initial metastases was similar in both study arms. Syn-
chronous development of local recurrence and distant
metastases occurred in one patient (4%) of each treatment
arm. Local recurrence was the initial site of disease recur-
rence in one patient of the ASI group (4%) and two
patients from the control group (8%). Distant metastases
as the initial manifestation of recurrent disease were
found in 16 patients (64%) from the ASI group and 15
patients (60%) from the control group. Table 3 summa-
rizes the sites of Wrst recurrence. The pattern of Wrst recur-
rence showed no diVerences between both treatment
groups (P = 0.913).

Survival analysis

All patients

The follow-up period for all surviving patients was
116.1 § 23.8 months in the ASI arm and 112.4 §
18.5 months in the control arm (mean § standard deviation).

Twelve (48.0%) and 16 (64.0%) patients died during the
observation period in the ASI and control group, respec-
tively. Neither the ITT nor the PP analysis detected a sig-
niWcant diVerence between the OS of the ASI and the
control group (Fig. 2a). Vaccinated and control patients had
a similar DFS both in the ITT and PP analysis (Fig. 2b).
MFS showed no statistically signiWcant diVerences in both
treatment groups (Fig. 2c).

In order to evaluate whether speciWc patient groups beneWt
from ASI, a subgroup analysis of colon and rectal cancer
patients was performed as planned in the trial protocol.

Colon cancer

Four colon cancer patients (30.8%) from the ASI group and
nine colon cancer patients (78.6%) from the control group
died. OS rates revealed a signiWcant advantage for the ASI
group in the PP analysis as well in the early (Breslow:
P = 0.031) as in the later follow-up period (Log-Rank:
P = 0.016). In the ITT analysis, this eVect was only signiW-
cant after longer observation periods (Breslow: P = 0.061;
Log-Rank: P = 0.031) (Fig. 3a). The hazard ratios were 4.3;
95%, CI: 1.2–15.4; P = 0.026 in favor of the ASI group in
the PP analysis and 3.3; 95%, CI: 1.0–10.4; P = 0.042 in
favor of the ASI group in the ITT analysis, respectively.

Disease-free survival was signiWcantly higher in ASI
patients in the PP analysis after long term follow-up
(Log-Rank: P = 0.043). However, in the ITT analysis, this
diVerence was no longer signiWcant (Breslow: P = 0.11;
Log-Rank: P = 0.068, Fig. 3c).

Metastases-free survival in vaccinated patients was longer
than in patients of the control group. These diVerences were
signiWcant in the PP as well as in the ITT analysis (Fig. 3d).
However, whereas this diVerence was signiWcant in early
(Breslow: P = 0.045) and long term follow-up (Log-Rank
P = 0.022) in the PP analysis, the diVerence turned out to be
signiWcant only after longer follow-up (Log-Rank:
P = 0.039) in the ITT analysis. The hazard ratio is 3.3; 95%,
CI: 1.1–9.4; P = 0.029 in favor of the ASI group in the PP
analysis and 2.7; 95%, CI: 1.0–7.4; P = 0.047 in favor of the
ASI group in the ITT analysis, respectively.

Rectal cancer

In contrast to colon cancer patients, vaccinated and
control rectal cancer patients showed no signiWcant

Table 3 Site of Wrst failure after inclusion in the trial

Site of Wrst recurrence after 
resection of liver metastasis

All patients

ASI (n = 25) Control (n = 25)

Distant metastasis 16 (64%) 15 (60%)

Liver 10 (40%) 8 (32%)

Lung 2 (8%) 4 (16%)

Other organs 3 (12%) 3 (12%)

Multiple organs 1 (4%) –

Local recurrence 1 (4%) 2 (8%)

Synchronous local recurrence 
and distant metastasis

1 (4%) 1 (4%)

Total tumour recurrence 18 (72%) 18 (72%)
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diVerences in OS (Fig. 3b) and DFS in either PP or ITT
analysis.

Discussion

The present randomized phase III trial revealed a signiW-
cant long-term beneWt with respect to OS as well as MFS
for ATV-NDV vaccine treated colon cancer patients fol-
lowing resection of liver metastases. In the total treatment
group comprising colon and rectal cancer patients, this
treatment regime did not confer a survival beneWt to vacci-
nated patients.

These results contrast with those of our phase II trial
reported in 1992 [22]. In contrast to the present trial that
includes a roughly equal ratio of rectal cancer and colon
cancer patients (see Table 1), the patient groups of the
phase II trial predominantly comprised colon cancer
patients (70%). Most interestingly, the observed prolonga-
tion of MFS in colon cancer patients in the present trial is in
keeping with the prolonged recurrence-free interval of vac-
cinated patients of our 1992 trial [22]. Moreover, in accor-
dance with the observed trend towards prolonged overall
survival in the phase II trial, vaccinated colon cancer
patients in the present trial showed a signiWcantly pro-

longed OS. This is in line with reports by other investiga-
tors assessing the value of ASI in an adjuvant setting after
surgical therapy of the primary tumor. Using an autologous
tumor-cell/Bacillus Calmette–Guerin (BCG) vaccine, Ver-
morken et al. reported a signiWcant prolongation of recur-
rence-free survival and a trend towards improved overall
survival in a phase III trial [23]. A randomized phase III
trial by Hoover et al. [24] assessing the value of active spe-
ciWc vaccination with a tumor cell/BCG vaccine showed a
signiWcant overall survival and disease-free survival beneWt
only in colon cancer patients, whereas no beneWt was seen
in patients with rectal cancer.

As yet, it is unknown why ASI may induce a less eVec-
tive immune response in rectum cancer than in colon cancer
patients. In an experimental setting where ASI was given to
the thigh, Hoover et al. suspected that pelvic radiotherapy
could negatively aVect the local lymph nodes that are
required for an eYcient induction of immune response.
However, in our experimental setting, vaccination was
given in the forearm. The local lymph nodes draining the
application site of the vaccine were left intact, excluding
the above mentioned explanation [24]. Several alternative
mechanisms may account for the generation of a diVerential
immune response. First, rectum carcinoma may be less
immunogenic per se. Second, the immune response generated

Fig. 2 Survival analysis in all 
randomised patients in the ITT 
analysis. a Overall survival, 
b disease-free survival, 
c metastasis-free survival
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by the tumor itself, especially the induction of tolerance,
may diVer according to the localization of the primary
tumor. Subsets of dendritic cells which have been shown to
be implicated in the generation of an antitumoral immune
response as well as in the induction of oral tolerance to ali-
mentary antigens or commensal bacteria, are diVerentially
distributed along the digestive tract, thus creating local
diVerences in the inducibility of tolerance and immunity
[25, 26]. Third, quantitative diVerences in microscopic
residual disease and its location in rectum and colon cancer
patients may account for the observed diVerences. Finally,
molecular mechanisms leading to tumorigenesis and tumor
progression may occur with diVerent frequencies in the
colon and the rectum. Thus, sporadic tumors presenting a
CpG island methylator phenotype occur more frequently in
the right colon [27]. DiVerent degrees of genetic instability
may lead to loss of antigenicity and a higher propensity for
immune escape. However, a formal correlation between
diVerent mechanisms of genetic instability and propensity
for immune escape has not yet been experimentally or epi-
demiologically proven. Further basic research is required to
elucidate the molecular and cellular origin of the observed
diVerences in the immune response in those two tumor
entities.

In the present trial, no severe adverse reactions have
been observed and the ATV-NDV vaccine was well toler-
ated by all patients. This compares favorably with other
vaccine strategies relying on whole cancer cells combined
with alternative adjuvants like BCG that have been
described to cause moderate to severe side eVects in a con-
siderable percentage of treated patients [23, 24].

We recognize that the small number of participants
reduces the statistical power of the present trial and restricts
the generalization of the results. Rapid patient accrual was
hampered by the presence of multiple exclusion criteria’s in
a large portion of patients, a concurrent chemotherapeutic
trial aiming at the same patient population and also by
patients refusal of randomization.

However, the magnitudes of the eVect of ASI with this vac-
cine in the colon cancer group—in terms of overall survival
(48% above the control group) and duration of the immuniza-
tion-induced protection period (about 10 years)—make the
results of this exploratory study remarkable. It is reminiscent
of the Wrst results obtained 20 years ago with this vaccine in a
metastasizing animal tumor when applying it postoperatively
in an adjuvant setting [28]. The promising outcome of this
trial should initiate further clinical research validating the
promising results in larger group of colon cancer patients.

Fig 3 Survival analysis in 
patient subgroups in the ITT 
analysis. a Overall survival in 
colon cancer patients, b overall 
survival in rectal cancer patients, 
c disease-free survival in colon 
cancer patients, d metastasis-
free survival in colon cancer 
patients
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In conclusion, this trial could not show eYcacy of ASI
with NDV-infected autologous tumor cells in the total
group of colon and rectal cancer patients after resection of
liver metastases. However, in colon cancer patients, the
present data show that ASI may be beneWcial, prolonging
overall survival as well as the interval to metastases recur-
rence.
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