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Abstract
Purpose: Human chorionic gonadotropin (hCG) is produced by colorectal cancers and may play a role in its
progression. The clinical and immunological effects of a
synthetic vaccine targeting ␤-hCG composed of the COOH
terminal peptide of ␤-hCG (CTP37) conjugated to diphtheria toxoid (DT) was investigated in patients with metastatic colorectal cancer.
Experimental Design: Seventy-seven patients from 12
centers were randomly divided into two vaccine dose groups.
CTP37-DT was formulated in an emulsion and administered
i.m. on days 0, 28, and 70. Patients were evaluated for
toxicity, overall survival, and antibody response to hCG and
to DT.
Results: Immunizations were well tolerated with no
patients requiring cessation of the injections. Anti-hCG antibody was detected in 56 of the 77 patients treated. Significant differences in antibody response and survival were not
observed between the two dose groups. An intention-to-treat
analysis of all vaccinated patients showed a median survival
of 34 weeks. Patients who developed anti-hCG antibody
levels higher than or equal to the median value exhibited a
median survival of 45 weeks compared with 24 weeks for
patients who developed anti-hCG antibody levels lower than
the median (P ⴝ 0.0002). In contrast, no significant difference was observed when comparing survival based upon the
level of DT antibody that developed (P ⴝ 0.80).
Conclusions: Vaccination with CTP37-DT induced antihCG antibodies in most patients with advanced colorectal
cancer. Anti-hCG antibody induction was associated with
longer overall survival. CTP37-DT has an excellent safety
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profile and warrants further study in patients with colorectal cancer.

Introduction
Colorectal cancer is one of the most commonly occurring
malignancies in the world. It is a disease that kills nearly half of
those afflicted within 5 years of initial diagnosis. Chemotherapy
with 5-fluorouracil and leucovorin in the surgical adjuvant setting for patients with lymph node-positive, stage III colon cancer has been shown to improve survival (1, 2). Similar improvements in survival have been observed for patients with stage III
rectal cancer administered 5-fluorouracil-based chemotherapy
combined with radiotherapy in the surgical adjuvant setting (3,
4). A substantial proportion of these patients, 40 –50%, will still
develop recurrences and die of cancer. Virtually all patients with
metastatic stage IV colorectal cancer will die of their cancer.
Chemotherapy with 5-fluorouracil, leucovorin, and irinotecan
has been shown to improve survival duration (5, 6). This improvement, however, is modest, and this chemotherapy program
can be associated with significant toxicity, such as diarrhea,
neutropenia, and vomiting. Novel treatment modalities are
needed.
ASI3 has been an attractive approach to the management of
colorectal cancer, and a number of vaccine formulations are
under investigation (7–10). Several lines of evidence support the
use of hCG as a target. hCG, a glycoprotein hormone composed
of two noncovalently linked polypeptide subunits, ␣ and ␤, is
frequently expressed by colorectal tumors. Although results
have varied, tumor membrane-associated hCG, as determined
by immunohistochemistry, has been reported in up to 52% of
colorectal cancer patients (11–19), and elevated levels of circulating hCG have been observed in up to 41% (19 –26). In
contrast to other oncofetal antigens being targeted, such as
carcinoembryonic antigen, hCG does not appear to be produced
by normal colorectal cells. Positive staining for hCG was not
found in normal colorectal epithelium/mucosa (12, 14, 16, 18,
19) or in benign colorectal lesion specimens (12). hCG production by nontrophoblastic tumors has been associated with a more
aggressive course. In some studies, expression of hCG in colorectal cancer has been associated with reduced survival, directly
(14, 18, 19) and indirectly through a correlation with poor
histological differentiation (12), tumor invasiveness (11, 12,
18), and a higher incidence of metastases (15). hCG has been
shown to promote tumor growth, and autocrine/paracrine stim-
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ulation of tumor growth by endogenously produced hCG has
been suggested (27–29). hCG can also promote neovascularization (30, 31) and suppress immune responses (32). These actions
may be mediated by the cysteine-knot structural motif contained
in ␤-hCG, which is nearly identical to that found in transforming
growth factor-␤2 and platelet-derived growth factor-␤, factors
that have been ascribed similar roles in oncogenesis (33). Thus,
immunization against hCG may result in humoral and/or cellular
immune effectors capable of directly lysing tumor cells expressing hCG. In addition, neutralization of soluble hCG with antibody may abrogate hCG-mediated tumor growth signals, angiogenesis, and immune escape phenomena (34).
CTP37-DT is a synthetic subunit vaccine composed of a
37-amino acid peptide from the COOH terminal end of ␤-hCG
conjugated to the carrier, DT. Clinical studies of CTP37-DT as
an approach to block fertility began over a decade ago (35).
More recently, clinical trials have evaluated CTP37-DT vaccine
in patients with nontrophoblastic cancer. These initial Phase I
studies demonstrated an excellent safety profile and established
the immunological activity of the vaccine. ASI with CTP37-DT
induced anti-hCG antibody in patients with a variety of advanced, nontrophoblastic cancers, including patients with colorectal cancer whose tumors expressed hCG (36, 37). We performed a randomized Phase II trial of CTP37-DT in patients
with metastatic colorectal cancer. The objective of this study
was to examine the clinical significance of the induction of
anti-hCG antibody, specifically whether antibody induction was
associated with longer survival duration. In addition, this clinical trial compared the clinical and immunological effects of two
doses of vaccine to establish a dosing regimen for further study.

Materials and Methods
Eligibility Criteria. Eligibility criteria included a histological diagnosis of adenocarcinoma of the colon or rectum,
resection of the primary tumor, stage IV disease, a Southwest
Oncology Group performance status of 0, 1, or 2, and adequate
bone marrow, renal, and hepatic function (total bilirubin less
than the upper limit of normal range). If prior chemotherapy had
been given, it had to be completed for at least 4 weeks. Patients
were also required to manifest a positive skin test for delayedtype hypersensitivity to one or more of six common recall
antigens (Candida, DT, tetanus toxoid, streptokinase, trichophytin, and tuberculin). Patients with positive immediate-type hypersensitivity skin tests to DT were excluded, as were patients
receiving concurrent chemotherapy or corticosteroid therapy;
patients who were pregnant, had cerebral metastasis, human
immunodeficiency virus, hepatitis, or any concurrent active
second malignancy except basal cell carcinoma of the skin or
cervical squamous carcinoma and patients who had undergone
splenectomy.
Vaccine Formulation and Immunization Schedule.
The vaccine was prepared as a hand-made emulsion of squalene:
mannide monooleate vehicle in a ratio of 4:1 (v/v) formulated
with a CTP37-DT conjugate (25 molecules CTP37 per 105 Da
of DT) to nor-muramyl dipeptide adjuvant ratio of 20:1 (w/w)
dissolved in sterile saline. The injection volume was 0.4 ml for
a 0.5-mg dose, 0.8 ml for a 1.0-mg dose, and 1.6 ml for a 2.0-mg
dose (based upon conjugate weight). The low-dose regimen

consisted of 0.5 mg of vaccine on days 0, 28, and 70. The
high-dose regimen consisted of 2.0 mg of vaccine on day 0,
followed by 1.0 mg on days 28 and 70. All vaccine doses were
administered i.m. Patients who did not manifest progressive
cancer at week 16 were eligible for vaccinations at weeks 16 and
24. Patients who did not manifest progressive cancer at week 24
were eligible for additional bimonthly vaccinations under an
extension protocol approved by the Food and Drug Administration.
Study Design. The study was conducted at 12 clinical
sites in the United States as an open, randomized trial. The study
was approved by each center’s Institutional Review Committee.
All patients signed the approved informed consent form before
study participation. Patients were randomly enrolled into one- of
two-dose schedule regimens by a centralized randomization
center. The patient was considered enrolled in the study when
he/she first received treatment with the vaccine. Patients were
monitored for clinical and laboratory evidence of toxicity, which
was graded using National Cancer Institute Common Toxicity
Criteria.
Detection of Antibodies against hCG. The level of antihCG antibodies produced was measured by determining the
binding of 125I-labeled hCG to various dilutions of sera collected at intervals after immunization, as described previously
(35). In brief, purified hCG was obtained from the United States
National Institute of Child Health and Human Development as
batch CR-121 and iodinated. Dilutions of preimmune and
postimmune sera were prepared in PBS containing 0.05 M edetic
acid and 20% normal FCS. These dilutions were tested for
binding to 5 ng/ml hCG. Quadruplicate samples of 50 l of each
dilution, 50 l of labeled antigen, and 50 l of 1% BSA/PBS
were incubated at 4°C for 96 h before the addition of 50 l of
50% FCS/PBS and 200 l of 25% polyethylene glycol. After
centrifugation at 1500 ⫻ g for 15 min, the supernatants were
decanted, and the precipitates were counted. The binding in
preimmune sera from each patient was used to calculate nonspecific binding for hCG. Results are expressed as the amount of
hCG bound in nmol/l of undiluted serum (nM). Antibody titers
with ⱖ1 nM were considered as positive for hCG. All patient
serum samples were coded, and clinical information was not
made available to the individuals conducting the assay until the
assay was completed. This was the case for all subsequent
assays.
Detection of Anti-DT Antibodies. A standard solid
phase, indirect ELISA was used for analysis of patient antisera
for anti-DT antibodies. Ninety-six-well microtiter plates were
coated with purified DT (Pasteur Merieux Connaught, Toronto,
Ontario, Canada) at a concentration of 1 g/ml in PBS. Serial
2-fold dilutions of patient antisera were added to the wells in
PBS/1% BSA and 0.1% Tween 20 and incubated for 1 h at room
temperature. Wells were washed with PBS/0.1% Tween 20,
followed by the addition of a goat antihuman IgA, IgG, IgM
horseradish peroxide conjugate (Kierkegaard and Perry Laboratories, Gaithersburg, MD) for 45 min. After well washing with
PBS/0.1% Tween 20 (twice) and distilled water (twice), plates
were developed by the addition of chromogen (ABTS; Kierkegaard and Perry Laboratories) for 15 min and subsequently
analyzed for absorbance at 405 nm. The results for all patient
samples are reported as absorbance at a selected dilution (1:
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Table 1 Patient characteristics of the low- and high-dose treatment
groups
Low-dose group
n
Sex
Male
Female
Age
Median (yr)
Range (yr)
⬍65 yr
⬎65 yr
Primary site
Colon
Rectum
Not available
Performance status
0
1
2
Stage at time of diagnosis
III
IV
Other/Not available
Prior chemotherapy
Recall antigen
Number positive
(mean)
Induration (mean in
mm)
Serum hCG
⬍5 mIU/ml
⬎5 mIU/ml

High-dose group

36

41

24 (67%)
12 (33%)

24 (59%)
17 (41%)

62
33–78
21
15

64
29–83
21
20

24
10
2

26
11
4

26 (72%)
9 (25%)
1 (3%)

24 (59%)
14 (34%)
3 (7%)

14 (39%)
12 (33%)
10 (28%)
32 (89%)

17 (42%)
16 (39%)
8 (20%)
34 (83%)

2.2

Table 2 Incidence of adverse events related to CTP37-DT vaccine
(n ⫽ 77)

2.2

13

14

31 (86%)
5 (14%)

37 (90%)
4 (10%)

32,000), which occurred in a linear titration range. A pool of
normal human sera (Sigma) from different lots was used as the
background sample. Antisera with absorbance value ⬍0.1 at
1:32,000 dilution were considered to have anti-DT antibody titer
below the background level.
Statistical Analysis. Clinical sample handling and coding and data management were done by Arkios BioDevelopment International (Cincinnati, OH), an independent organization. GraphPad PRISM software was used for analysis of
antibody response data, which involved Kaplan-Meier curves to
display survival and log-rank tests to compare survival. 2 tests
were used to evaluate patient characteristics and toxicity incidence. P ⬍ 0.05 was considered to be statistically significant.

Results
Patient Characteristics. Seventy-seven patients with
stage IV colorectal cancer were randomly assigned to a lowdose or high-dose CTP37-DT vaccination regimen between July
11, 1996 and November 18, 1997 (Table 1). There were no
significant differences between the two dose groups in terms of
patient sex, age, primary site, performance status, stage at the
time of diagnosis, response to recall antigens, or serum hCG
levels. Prior chemotherapy was also similar in both groups. The
majority of patients had been treated with 5-fluorouracil, frequently in combination with leucovorin and/or levamisole.
Eight patients in the low-dose group and seven in the high-dose
group had regimens that included irinotecan. Mitomycin C,
floxuridine, trimetrexate, and melphalan were used in 7 patients.

Adverse event

Low-dose group
n (%)

High-dose group
n (%)

Injection site reaction
Nausea and/or vomiting
Fatigue
Fever
Diarrhea
Flu-like symptoms
Myalgia
Rigors (chills)
Bone pain
Headache
Malaise
Abdominal pain
Asthenia
Dizziness

15 (42%)
5 (14%)
6 (17%)
5 (14%)
1 (3%)
7 (19%)
6 (17%)
2 (6%)
1 (3%)
2 (6%)
1 (3%)
0 (0%)
1 (3%)
2 (6%)

22 (54%)
6 (15%)
9 (22%)
9 (22%)
5 (12%)
3 (7%)
4 (10%)
6 (15%)
1 (2%)
4 (10%)
2 (5%)
2 (5%)
3 (7%)
2 (4%)

Only 2 patients, both in the low-dose group, received specific
cancer treatment after randomization within the follow-up period of the study. One patient received irinotecan, and another
had radiation therapy for a metastatic lesion.
Toxicity Profile. In general, the vaccinations were well
tolerated with no patients requiring cessation because of toxicity. Fifty-three of the 77 (69%) patients reported an adverse
experience or multiple adverse experiences possibly or probably
related to CTP37-DT vaccination. Table 2 summarizes the
events attributable to the study drug for low- and high-dose
groups. None of the differences between the low- and high-dose
groups were statistically significant. Injection site reactions
were, for the most part, mild (grade 1) and consisted of pain and
erythema. Two patients treated in the high-dose group, however,
did develop abscesses at the injection site (grade 2). These
resolved without specific treatment. One elevated WBC count
(grade 1) was attributed to the vaccination treatment. Other
adverse experiences reported were also mild (grade 1) and
consisted primarily of constitutional symptoms normally associated with immunotherapy, such as fever, chills, malaise, and
myalgia. None of the patients developed immediate-type hypersensitivity reactions to DT.
Antibody Response and Survival of the Low- and HighDose Vaccination Groups. Significant hCG antibody response was not observed during the first 10 weeks of immunization in either the low- or high-dose group. At week 10, after
the third immunization, antibody levels increased in both dose
groups. The range of peak antibody production was 1–184 nmol
of hCG bound per liter of undiluted serum (nM). The mean
levels in the high-dose group were generally higher than in the
low-dose group, although the difference was not statistically
significant (P ⫽ 0.09 for week 1, P ⫽ 0.56 for week 12; Fig. 1).
The same trend was seen in the response to DT in comparing the
low- and high-dose groups (data not shown). Comparison of
Kaplan-Meier survival curves demonstrated no significant difference in median survival between the low-dose (38.7 weeks)
and high-dose (33.4 weeks) vaccination groups (P ⫽ 0.17;
Fig. 2).
We investigated whether survival correlated with anti-hCG
antibody levels for low-dose and high-dose groups. We found
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Fig. 1 Antibody response in the low- and high-dose groups after vaccination. Values are expressed as the means; bars, SE. Arrows, vaccination time points.

that there is no clear relationship between survival and antibody
production in either the low-dose or high-dose group. Poor
correlation between these two parameters was seen in both
groups; the correlation coefficients (r) were 0.29 and 0.08 for
low- and high-dose groups, respectively.
Relationship between Antibody Levels and Survival.
Because there was no significant difference in anti-hCG antibody levels between the two dose groups, all 77 vaccinated
patients were examined as a single, intention-to-treat population
to ascertain the relationship between antibody response and
survival. Overall, 56 of the 77 patients (73%) responded to the
vaccine by producing anti-hCG antibodies. Median survival of
all vaccinated patients in both dose groups was 34 weeks. The
median antibody level was used as a cutoff point to delineate
between two populations: a “low responder” group composed of
patients with antibody levels less than the median, which included antibody nonresponders, and a “high responder” group
with antibody levels greater than, or equal to, the median value.
Using this analysis, it was found that the high responder group
experienced a significantly longer median survival time of 44.9
weeks compared with the low responder group at 23.6 weeks
(P ⫽ 0.0002; Fig. 3A). In contrast, when antibody response to
the DT carrier portion of the vaccine was analyzed in an identical manner, median survival time was not found to be significantly different between high and low anti-DT antibody responders (P ⫽ 0.80; Fig. 3B). The clinical characteristics of the
low and high anti-hCG antibody responders are displayed in
Table 3. Relatively more females were in the low-responder
group (P ⬍ 0.05). Low and high responders did not differ with
regard to the other parameters evaluated, including prior chemotherapy and performance status.
An additional analysis was performed that excluded patients who did not survive to the 16-week vaccination time point
and as a result were not afforded enough time and/or boosts to
produce a significant antibody response against hCG. The 62
patients who did survive past the 16-week time point were
analyzed as above. Those patients who developed anti-hCG
antibody levels higher than or equal to the median value exhibited a median survival of 44.9 weeks compared with 38.7 weeks
for patients who developed anti-hCG antibody levels lower than

Fig. 2 Comparison of patient survival curves for the low- and highdose groups.

the median (P ⫽ 0.01; Fig. 4A). As in the intention-to-treat
analysis, no significant association was observed when comparing the antibody response against DT (P ⫽ 0.48; Fig. 4B).
Relationship between serum ␤-hCG Level and the
Development of Anti-␤-hCG Antibodies. Of the 77 patients,
9 had serum ␤-hCG above what is normally considered background levels, 5 mIU/ml, before vaccination (range, 10 –34
mIU/ml). Anti-␤-hCG antibody was induced in 7 of these patients. The ␤-hCG levels of 2 patients that did not respond were
both 10 mIU/ml. One patient’s serum ␤-hCG dropped from 12
mIU/ml to below background level as the anti-␤-hCG antibody
level increased. Levels of serum ␤-hCG did not increase/decrease in the other six patients that developed anti-␤-hCG antibody with vaccination.
Relationship between Antibody Responses to hCG and
to DT. A positive but not significant correlation (r ⫽ 0.38)
was seen between the antibody response to DT and to hCG.
There were 16 (21%) patients who had anti-DT antibody titer
below the background level, but 9 of the same 16 patients
produced a measurable amount of anti-hCG antibodies. Eleven
of the 21 patients who did not produce antibodies to hCG
produced antibodies to DT.

Discussion
We examined the clinical and immunological effects of
ASI with a ␤-hCG peptide vaccine in patients with metastatic
colorectal cancer. ASI with CTP37-DT generated a humoral
immune response against hCG protein in 73% of the patients
enrolled. Two analyses were performed to examine the relationship between antibody response and patient survival. That
anti-hCG antibody induction was associated with an improved
survival was evident with both. The first involved an intentionto-treat analysis of all vaccinated patients, and the second, a
subset analysis that excluded those patients who did not survive
to the 16-week vaccination time point. Because at least three
vaccinations and ⬃16 weeks are required to generate substantial
anti-hCG levels (Fig. 1), these patients did not have adequate
time (and/or boosts) to generate a response. Inclusion of these
patients in the analysis has the potential of associating low
antibody level and low median survival, independent of any
mode of action of the vaccine. After exclusion of this subpopu-
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Table 3

Patient characteristics of low- and high-antibody responders
Low responders

n
Sex (P ⬍ 0.05)
Male
Female
Age
Median (yr)
Range (yr)
⬍65 yr
⬎65 yr
Primary site
Colon
Rectum
Not available
Performance status
0
1
2
Stage at time of diagnosis
III
IV
Other/Not available
Prior chemotherapy
Recall antigen
Number positive
(mean)
Induration (mean in
mm)
Serum hCG
⬍5 mIU/ml
⬎5 mIU/ml

High responders

38

39

19 (50%)
19 (50%)

29 (74%)
10 (26%)

64
29–83
21 (55%)
17 (45%)

61
33–83
21 (54%)
18 (46%)

23 (60%)
11 (29%)
4 (11%)

27 (69%)
10 (26%)
2 (5%)

22 (58%)
13 (34%)
3 (8%)

28 (72%)
10 (26%)
1 (2%)

17 (45%)
13 (34%)
8 (21%)
33 (87%)

14 (36%)
15 (38%)
10 (26%)
33 (85%)

2.4

2.2

13

14

34 (89%)
4 (11%)

34 (87%)
5 (13%)

Fig. 3 Comparison of patient survival curves for low and high hCG (A)
and DT (B) antibody responders, intent-to-treat population.

lation from the analysis, it was found that a similar association
existed between antibody levels and survival as with the intention-to-treat analysis. With the exception of gender, the clinical
characteristics of the high and low antibody responders were not
different with regard to factors that may influence prognosis.
Relatively more females were among the low antibody responders. Although gender has not been consistently correlated with
survival, there are data that the disease-free and overall survival
of females is greater and not less, as characterized the low
antibody responders (38). In contrast to the hCG response, a
higher antibody response to the DT portion of the vaccine
conjugate was not associated with increased survival. ASI with
DT alone has been proposed as a therapeutic approach to stimulate the immune system in cancer patients (39). Our results
indicate that an anti-DT humoral response is not associated with
prolonged survival; however, we cannot rule out the potential
role for a cellular immune response to DT.
A clear dose response was not observed in previous clinical
studies of CTP37-DT, although the limited sample sizes of the
Phase I studies performed precluded any conclusion (35–37).
We examined the impact of a low- and a high-dose regimen in
a randomized fashion. In comparing the two dose groups, it was
found that the antibody levels generated after vaccination did
not differ significantly. The difference in survival between the
two dose groups was also not found to be significant. In addition, the incidence of clinical toxicity was also equivalent.
Although the incidence of local reactions was not statistically

different between the low- and high-dose groups, more severe
local reactions were observed in the high-dose group. These
finding supported the selection of the low-dose regimen, 0.5 mg,
for future clinical trials.
Trophoblastic cells during pregnancy normally produce
hCG, and the pituitary and other normal tissues, such as bladder,
prostate, and testis, can also produce small amounts of hCG
(40 – 42). The immunological tolerance resulting from this normal exposure to hCG can be overcome by CTP37-DT vaccine,
including those patients with higher than normal circulating
levels of hCG. More females were low antibody responders.
Whether this represents an increased tolerance to hCG based on
prior pregnancy is not known. Prior pregnancy was not noted to
influence the ability to respond to CTP37-DT in previous studies (35–37). Tumor expression of hCG was not assessed in this
study, and how it influences the clinical and immunological
responses observed will require further study. How frequently
hCG is overexpressed by human colorectal cancers will also
require further study. hCG occurs in a number of molecular
forms, including intact hCG, free subunits, and fragments. Previous studies in colorectal cancer using clinical specimens have
used primarily reagents to detect the intact molecule/subunits.
Studies applying reagents directed at hCG fragments as well as
more sensitive techniques have suggested that the expression by
nontrophoblastic tumors may be higher than that reported in
earlier studies (23). Expression of the ␤-hCG CTP is more
frequent than the intact molecule/subunit on human colorectal
cell lines (43). In a previous study of CTP37-DT vaccine, tumor
membrane-associated expression of the ␤-hCG CTP, as deter-
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cance in patients with colorectal cancer. Patients with metastatic
disease who develop higher antibody levels manifest a longer
survival. ASI targeting hCG with CTP37-DT offers a number of
potential advantages over other cancer vaccine formulations
being applied in patients with colorectal cancer. hCG is produced by colorectal cancers and may play a role in its progression. CTP37-DT is well characterized chemically without the
complexity imposed by glycosylation, folding, and disulfide
linkages of other vaccine formulations, and without biologically
active contaminants that might appear as a result of incomplete
purification of tissues or fluids. Furthermore, it is a stable
formulation that does not require special handling. Importantly,
injections of CTP37-DT have been well tolerated and do not
produce the adverse effects that can limit chemotherapy programs. The results of this randomized Phase II study support the
development of Phase III clinical trials to determine whether
ASI with CTP37-DT can improve the outcome of patients with
colorectal cancer.
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Fig. 4 Comparison of patient survival curves for low and high hCG (A)
and (DT) antibody responders, subset of patients surviving ⬎16 weeks.

mined immunohistochemically, was observed in 11 of 13 patients (85%) with colorectal cancer. Tumor expression of the
␤-hCG CTP did not influence the generation of anti-hCG antibody with CTP37-DT, because antibody induction was observed
in all 13 (36). Recently reported studies have indicated that the
transcription of specific hCG genes is a common feature of
malignant cells, including colorectal cancers, and may also have
prognostic significance (44, 45).
Although many cancer vaccine studies have focused on
cellular immune responses and T-cell activation to elicit antitumor effects, there is a substantial body of data to indicate that
antibody may also result in antitumor activity (46). Similar to
what was observed in this clinical trial, antibody induction in
melanoma patients after vaccination with a vaccine targeting the
ganglioside, GM2, was associated with an increase in survival
(47). It should also be noted that an antibody-based approach to
cancer therapy has been validated by the clinical efficacy of
monoclonal antibodies specific for tumor-associated molecules
(48, 49). Cellular immune responses were not measured in this
study. In previous studies of this CTP37-DT formulation, which
had the same adjuvant, the same carrier protein, and the same
peptide:carrier ratio, no detectable T-helper or cytolytic T lymphocyte responses were observed (36). This observation is consistent with the design of the original contraceptive vaccine,
which was formulated to induce a neutralizing humoral response
and not a cellular immune response.
In summary, this study demonstrates that induction of
anti-hCG antibody with CTP37-DT does have clinical signifi-

We thank Dr. Vernon Stevens of Ohio State University for analysis
of antibody levels against hCG, Jeffrey Lillard for discussions related to
historical observations regarding the CTP37-DT vaccine and discussions for the manuscript, and Dr. Jon Moulton and Linda Engelhart for
reviewing and editing the manuscript. The clinical trial coordination and
patient randomization were conducted under contact with Cincinnati
Clinical Consultants, and initial data management was conducted under
contract with Arkios BioDevelopment International. We also thank
Marcia Koren for assistance regarding information about patients enrolled in the clinical trial. We are thankful for the clinical efforts of the
following investigators and the clinic centers for their participation in
this clinical trial: Dr. Barbara Neilan (Allegheny University Hospital,
Philadelphia, PA); Dr. Arthur Rossof (MacNeal Cancer Center, Berwyn,
IL); Dr. Donna Griebel (University of Texas Medical Branch,
Galveston, TX); Clinical Staff (Ohio State University Medical Center,
Columbus, OH); Dr. Jonathan Sporn (University of Connecticut Health
Center, Farmington, CT); Dr. William Friend (Swedish Hospital Medical Center, Seattle, WA); Dr. Phillip McMahill (Phillip McMahill PC,
St. George, UT); Dr. Robert Cody (Chris Hospital Cancer Research,
Cincinnati, OH); Dr. Allen Cohn (University of Colorado Health Sciences Center, Denver, CO); Dr. Ira Wollner (Henry Ford Cancer Center,
Detroit, MI); Dr. Allen Keller (Warren Cancer Research Center, Tulsa,
OK); and Dr. Al Benson (Northwestern University Medical Center,
Chicago, IL).

References
1. O’Connell, M. J., Laurie, J. A., Kahn, M., Fitzgibbons, R. J., Jr.,
Erlichman, C., Shepherd, L., Moertel, C. G., Kocha, W. I., Pazdur, R.,
Wieand, H. S., Rubin, J., Vukov, A. M., Donohue, J. H., Krook, J. E.,
and Figueredo, A. Prospectively randomized trial of postoperative adjuvant chemotherapy in patients with high-risk colon cancer. J Clin.
Oncol., 16: 295–300, 1998.
2. International Multicentre Pooled Analysis of Colon Cancer Trials
(IMPACT) investigators. Efficacy of adjuvant fluorouracil and folinic
acid in colon cancer. Lancet, 345: 939 –944, 1995.
3. Tepper, J. E., O’Connell, M. J., Petroni, G. R., Hollis, D., Cooke, E.,
Benson, A. B., III, Cummings, B., Gunderson, L. L., Macdonald, J. S.,
and Martenson, J. A. Adjuvant postoperative fluorouracil-modulated
chemotherapy combined with pelvic radiation therapy for rectal cancer:
initial results of intergroup 0114. J. Clin. Oncol., 15: 2030 –2039, 1997.
4. Minsky, B. D. Adjuvant therapy of rectal cancer. Semin. Oncol., 26:
540 –544, 1999.

Downloaded from clincancerres.aacrjournals.org on November 18, 2019. © 2002 American Association for Cancer
Research.

2050 ␤-hCG Vaccine Study in Colorectal Cancer

5. Saltz, L. B., Cox, J. V., Blanke, C., Rosen, L. S., Fehrenbacher, L.,
Moore, M. J., Maroun, J. A., Ackland, S. P., Locker, P. K., Pirotta, N.,
Elfring, G. L., and Miller, L. L. Irinotecan plus fluorouracil and leucovorin for metastatic colorectal cancer. Irinotecan Study Group.
N. Engl. J. Med., 343: 905–914, 2000.
6. Douillard, J. Y., Cunningham, D., Roth, A. D., Navarro, M., James,
R. D., Karasek, P., Jandik, P., Iveson, T., Carmichael, J., Alakl, M.,
Gruia, G., Awad, L., and Rougier, P. Irinotecan combined with fluorouracil compared with fluorouracil alone as first-line treatment for metastatic colorectal cancer: a multicentre randomised trial. Lancet, 355:
1041–1047, 2000.
7. Goydos, J. S., Elder, E., Whiteside, T. L., Finn, O. J., and Lotze,
M. T. A Phase I trial of synthetic mucin peptide vaccine. Induction of
specific immune reactivity in patients with adenocarcinoma. J. Surg.
Res., 63: 298 –304, 1996.
8. Vermorken, J. B., Claessen, A. M., van Tinteren, H., Gall, H. E.,
Ezinga, R., Meijer, S., Scheper, R. J., Meijer, C. J., Bloemena, E.,
Ransom, J. H., Hanna, M. G., Jr., and Pinedo, H. M. Active specific
immunotherapy for stage II and stage III human colon cancer: a randomized trial. Lancet, 353: 345–350, 1999.
9. Marshall, J. L., Hoyer, R. J., Toomey, M. A., Faraguna, K., Chang,
P., Richmond, E., Pedicano, J. E., Gehan, E., Peck, R. A., Arlen, P.,
Tsang, K. Y., and Schlom, J. Phase I study in advanced cancer patients
of a diversified prime-and-boost vaccination protocol using recombinant
vaccinia virus and recombinant nonreplicating avipox virus to elicit
anti-carcinoembryonic antigen immune responses. J. Clin. Oncol., 18:
3964 –3973, 2000.
10. Foon, K. A. Immunotherapy for colorectal cancer. Curr. Oncol.
Rep., 3: 116 –126, 2001.
11. Buckley, C. H., and Fox, H. An immunohistochemical study of the
significance of hCG secretion by large bowel adenocarcinoma. J. Clin.
Pathol., 32: 368 –372, 1979.
12. Campo, E., Palacin, A., Benasco, C., Quesada, E., and Cardesa, A.
Human chorionic gonadotropin in colorectal carcinoma: an immunohistochemical study. Cancer (Phila.), 59: 1611–1616, 1987.
13. Connelly, J. H., Johnson D. A., and Bruner, J. M. The prognostic
value of human chorionic gonadotropin in colorectal carcinoma. An
immunohistochemical study of 102 stage B2 and C2 non-mucinous
adenocarcinomas. Arch. Pathol. Lab. Med., 117: 824 – 826, 1993.
14. Kido, A., Mori, M., Adachi, Y., Yukaya, H., Ishida, T., and Sugimachi, K. Immunohistochemical expression of ␤-human chorionic gonadotropin in colorectal carcinoma. Jpn. J. Surg., 26: 966 –970, 1996.
15. Shousha, S., Chappell, R., Matthews, J., and Cooke, T. Human
chorionic gonadotrophin expressed in colorectal adenocarcinoma. Dis.
Colon Rectum, 29: 558 –560, 1986.
16. Skinner, J. M., and Whitehead, R. Tumor associated antigens in
polyps and carcinoma of the human large bowel. Cancer (Phila.), 47:
1241–1245, 1981.
17. Webb, A., Scott-Mackie, P., Cunningham, D., Norman, A., Andreyev, J., O’Brien, M., and Bensted, J. The prognostic value of CEA,
␤hCG, AFP, CA125, CA19-9 and C-erb B-2, ␤hCG immunohistochemistry in advanced colorectal cancer. Ann. Oncol., 6: 581–587, 1995.
18. Yamaguchi, A., Ishda, T., Nishimura, G., Kumaki, T., Katoh, M.,
Kosaka, T., Yonemura, Y., and Miyazaki, I. Human chorionic gonadotropin in colorectal cancer and its relationship to prognosis. Br. J.
Cancer, 60: 382–384, 1989.
19. Lundin, M., Nording, S., Lundin, J., Alfthan, H., Stenman, U-H.,
and Haglund, C. Tissue expression of human chorionic gonadotropin ␤
predicts outcome in colorectal cancer: a comparison with serum expression. Int. J. Cancer, 95: 18 –22, 2001.
20. Braunstein, G. D., Vaitukaitis, J. L., Carbone, P. P., and Ross, G. T.
Ectopic production of human chorionic gonadotrophin by neoplasms.
Ann. Intern. Med., 73: 39 – 45, 1973.
21. Goldstein, D. P., Kosasa, T. S., and Skarim, A. T. The clinical
application of a specific radioimmunoassay for human chorionic
gonadotropin in trophoblastic and non-trophoblastic tumors. Surg.
Gynecol. Obstet., 138: 747–751, 1974.

22. Gailani, S., Chu, T. M., Nussbaum, A., Ostrander, M., and Christoff, N. Human chorionic gonadotropins (hCG) in non-trophoblastic
neoplasms. Assessment of abnormalities of hCG and CEA in bronchogenic and digestive neoplasms. Cancer (Phila.), 38: 1684 –1686, 1976.
23. Marcillac, I., Troalen, F., Bidart, J. M., Ghillani, P., Ribrag, V.,
Escudier, B., Malassagne, B., Droz, J. P., Lhomme, C., and Rougier P.
Free human chorionic gonadotropin ␤ subunit in gonadal and nongonadal neoplasms. Cancer Res., 52: 3901–3907, 1992.
24. Birkenfeld, S., Noiman, G., Krispin, M., Schwartz, S., and Zakut,
H. The incidence and significance of serum hCG and CEA in patients
with gastrointestinal malignant tumors. Eur. J. Surg. Oncol., 15: 103–
108, 1989.
25. Mercer, D. W., and Talamo, T. S. Multiple markers of malignancy
in sera of patients with colorectal carcinoma: preliminary clinical studies. Clin Chem., 31: 1824 –1828, 1985.
26. Szymendera, J. J., Kaminska, J. A., Nowacki, M. P., Szawlowski,
A. W., and Gadek, A. The serum levels of human ␣-fetoprotein, AFP,
choriogonadotropin, hCG, placental lactogen, hPL, and pregnancyspecific ␤1-glycoprotein, SP1, are of no clinical significance in colorectal carcinoma. Eur. J. Cancer Clin. Oncol., 17: 1047–1052, 1981.
27. Rivera, R. T., Pasion, S. G., Wong, D. T., Fei, Y. B., and Biswas,
D. K. Loss of tumorigenic potential by human lung tumor cells in the
presence of nonsense RNA specific to the ectopically synthesized ␣
subunit of human chorionic gonadotropin. J. Cell Biol., 108: 2423–
2434, 1989.
28. Gillott, D. J., Iles, R. K., and Chard, T. The effects of ␤-human
chorionic gonadotrophin on the in vitro growth of bladder cancer cell
lines. Br. J. Cancer, 73: 323–326, 1996.
29. Melmed, S., and Braunstein, G. D. Human chorionic gonadotropin
stimulates proliferation of Nb 2 rat lymphoma cells. J. Clin. Endocrinol.
Metab., 56: 1068 –1070, 1983.
30. Agrawal, R., Conway, G., Sladkevicius, P., Tan, S. L., Engmann,
L., Payne, N., Bekir, J., Campbell, S., and Jacobs, H. Serum vascular
endothelial growth factor and Doppler blood flow velocities in in vitro
fertilization: relevance to ovarian hyperstimulation syndrome and polycystic ovaries. Fertil. Steril., 70: 651– 658, 1998.
31. Neulen, J., Raczek, S., Pogorzelski, M., Grunwald, K., Yeo, T. K.,
Dvorak, H. F., Weich, H. A., and Breckwoldt, M. Secretion of vascular
endothelial growth factor/vascular permeability factor from human luteinized granulosa cells is human chorionic gonadotropin-dependent.
Mol. Hum. Reprod., 4: 203–206, 1998.
32. Maghine, M., Valtorta, A., Moretta, A., Priora, C., Preti, P. Effects
of chorionic gonadotropin (hCG) therapy on the immune system. Medicina, 10: 148 –149, 1990.
33. Lapthorn, A. J., Harris, D. C., Littlejohn, A., Lustbader, J. W.,
Canfield, R. E., Machin, K. J., Morgan, F. J., and Isaacs, N. W. Crystal
structure of human chorionic gonadotropin. Nature (Lond.), 369: 455–
461, 1994.
34. Triozzi, P. L., and Stevens, V. C. Human chorionic gonadotropin as
a target for cancer vaccines. Oncol. Rep., 6: 7–17, 1999.
35. Jones, W. R., Bradley, J., Judd, S. J., Denholm, E. H., Ing, R. M.,
Mueller, U. W., Powell, J., Griffin, P. D., and Stevens, V. C. Phase I
clinical trial of a World Health Organization birth control vaccine.
Lancet, 1: 1295–1298, 1988.
36. Triozzi, P. L., Gochnour, D., Martin, E. W., Powell, J., Kim, J. A.,
Young, D. C., and Lombardi, J. Clinical and immunological effects of
a synthetic ␤-human chorionic gonadotropin vaccine. Int. J. Oncol., 5:
1447–1454, 1994.
37. Triozzi, P. L., Stevens, V. C., Aldrich, W., Powell, J., Todd, C. W.,
and Newman, M. J. Effects of a ␤-human chorionic gonadotropin
subunit immunogen administered in aqueous solution with a novel
nonionic block copolymer adjuvant in patients with advanced cancer.
Clin. Cancer Res., 3: 2355–2362, 1997.
38. Wichmann, M. W., Muller, C., Hornung, H. M., Lau-Werner, U.,
and Schildberg, F. W. Colorectal Cancer Study Group. Gender differences in long-term survival of patients with colorectal cancer. Br. J.
Surg., 88: 1092–1098, 2001.

Downloaded from clincancerres.aacrjournals.org on November 18, 2019. © 2002 American Association for Cancer
Research.

Clinical Cancer Research 2051

39. Buzzi, S., Baccini, C., and Rubboli, D. Immunological effects of a
boiled diphtheria toxoid on high risk cancer patients. Proc. Am. Cancer
Res., 38: 397, 1997.
40. Hoermann, R., Spoetl, G., Moncayo, R., and Mann, K. Evidence for
the presence of human chorionic gonadotropin (hCG) and free ␤-subunit
of hCG in the human pituitary. J. Clin. Endocrinol. Metab., 71: 179 –
186, 1990.
41. Birken, S., Maydelman, Y., Gawinowicz, M. A., Pound, A., Liu, Y.,
and Hartree, A. S. Isolation and characterization of human pituitary
chorionic gonadotropin. Endocrinology, 137: 1402–1411, 1996.
42. Lazar, V., Diez, S. G., Laurent, A., Giovangrandi, Y., Radvanyi, F.,
Chopin, D., Bidart, J. M., Bellet, D., and Vidaud, M. Expression of
human chorionic gonadotropin ␤ subunit genes in superficial and invasive bladder carcinomas. Cancer Res., 55: 3735–3738, 1995.
43. Acevedo, H., Krichevski, A., Campbell-Acevedo, E., Galyon, J.,
Buffo, M., and Hartsock, R. Expression of membrane-associated human
chorionic gonadotropin, its subunits, and fragments by cultured human
cancer cells. Cancer (Phila.), 69: 1829 –1842, 1992.
44. Bellet, D., Lazar, V., Bieche, I., Paradis, V., Giovangrandi, Y.,
Paterlini, P., Lidereau, R., Bedosaa, P., Bidart, J. M., and Vidaud, M.
Malignant transformation of nontrophoblastic cells is associated with
the expression of chorionic gonadotropin ␤ genes normally transcribed
in trophoblastic cells. Cancer Res., 57: 516 –523, 1997.

45. Bieche, I., Lazar, V., Nogues, C., Poynard, T., Giovangrandi, Y.,
Bellet, D., Lidereau, R., and Vidaud M. Prognostic value of chorionic
gonadotropin ␤ gene transcripts in human breast carcinoma. Clin. Cancer Res., 4: 671– 676, 1998.
46. Reilly, R. T., Emens, L. A., and Jaffee, E. M. Humoral and cellular
immune responses: independent forces or collaborators in the fight
against cancer? Curr. Opin. Investig. Drugs, 2: 133–135, 2001.
47. Livingston, P. O., Wong, G. Y., Adluri, S., Tao, Y., Padavan, M.,
Parente, R., Hanlon, C., Calves, M. J., Helling, F., Ritter, G., et al.
Improved survival in stage III melanoma patients with GM2 antibodies:
a randomized trial of adjuvant vaccination with GM2 ganglioside.
J. Clin. Oncol., 12: 1036 –1044, 1994.
48. Maloney, D. G., Grillo-Lopez, A. J., White, C. A., Bodkin, D.,
Schilder, R. J., Neidhart, J. A., Janakiraman, N., Foon, K. A., Liles,
T. M., Dallaire, B. K., Wey, K., Royston, I., Davis, T., and Levy, R.
IDEC-C2B8 (Rituximab) anti-CD-20 monoclonal antibody therapy in
patients with relapsed low-grade non-Hodgkin’s lymphoma. Blood, 90:
2188 –2195, 1997.
49. Baselga, J., Tripathy, D., Mendelsohn, J., Baughman, S., Benz,
C. C., Dantis, L., Sklarin, N. T., Seidman, A. D., Hudis, C. A., Moore,
J., Rosen, P. P., Twaddell, T., Henderson, I. C., and Norton, L. Phase II
study of weekly intraveneous trastuzamab (Herceptin) in patients with
HER2/neu-overexpressing metastatic breast cancer. Semin. Oncol., 26
(4 Suppl. 12): 78 – 83, 1999.

Downloaded from clincancerres.aacrjournals.org on November 18, 2019. © 2002 American Association for Cancer
Research.

Active Specific Immunotherapy with a β-Human Chorionic
Gonadotropin Peptide Vaccine in Patients with Metastatic
Colorectal Cancer: Antibody Response Is Associated with
Improved Survival
Hong M. Moulton, Paul H. Yoshihara, David H. Mason, et al.
Clin Cancer Res 2002;8:2044-2051.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/8/7/2044

This article cites 47 articles, 13 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/8/7/2044.full#ref-list-1
This article has been cited by 10 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/8/7/2044.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/8/7/2044.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on November 18, 2019. © 2002 American Association for Cancer
Research.

