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INDUCTION OF IMMUNE RESPONSES IN PATIENTS WITH B-CELL LYMPHOMA AGAINST
THE SURFACE-IMMUNOGLOBULIN IDIOTYPE EXPRESSED BY THEIR TUMORS
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Abstract Background. The idiotypic determinants of
the surface immunoglobulin of a B-cell lymphoma can
serve as a clonal tumor-specific marker, which may have
implications for immunotherapy. We sought to determine
whether idiotype-specific immune responses against this
autologous antigen could be induced in patients with
B-cell lymphoma.

Methods. Nine patients were selected who had mini-
mal residual disease or a complete remission after chemo-
therapy. Each received a series of subcutaneous injec-
tions of the immunoglobulin derived from his or her tumor
cells (immunoglobulin-idiotype protein), which had been
conjugated to a protein carrier and mixed with an immuno-
logic adjuvant.

Results. In seven of the nine patients the injections
induced sustained idiotype-specific immunologic re-
sponses of the humoral type (two patients), the cell-
mediated type (four patients), or both (one patient). The

MMUNOGLOBULIN molecules are composed of
heavy and light chains, which possess highly spe-
cific variable regions at their amino termini. The vari-
able regions of heavy and light chains combine to form
the unique antigen-recognition site of the immuno-
globulin protein. These variable regions contain deter-
minants (molecular shapes) that can themselves be
recognized as antigens or idiotypes. B-cell tumors are
composed of clonal proliferations of cells synthesiz-
ing a single antibody molecule with unique variable
regions in the heavy and light chains. B-cell lympho-
mas are neoplasms of mature resting and reactive
lymphocytes, which generally express synthesized
immunoglobulin on the cell surface. The idiotypic
determinants of the surface immunoglobulin of a
B-cell lymphoma can thus serve as a tumor-specific
marker for the malignant clone. Studies in animals as
well as in humans have demonstrated the usefulness
of the immunoglobulin idiotype as a tumor-specific
antigen for the study of the biology of B-cell lym-
phoma in vitro and as a target for passive immuno-
therapy in vivo.'” Furthermore, active immunization
against idiotypic determinants on malignant B cells
has produced resistance to tumor growth in several
models of syngeneic tumors,®'¢ as well as specif-
ic antitumor therapy against established tumors.'”"'8
Moreover, preclinical studies in subhuman primates
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use of an adjuvant was essential for these immune
responses. The induced antibodies bound specifically to
autologous immunoglobulin idiotype, inhibited the binding
of murine monoclonal antiidiotype antibodies, and bound
autologous tumor cells. Cell-mediated responses were
demonstrated by the specific proliferation of immune pe-
ripheral-blood mononuclear cells to the soluble immuno-
globulin-idiotype protein in vitro. The tumors of both of the
patients with measurable disease regressed completely.
Toxicity associated with the vaccine was minimal and
consisted only of mild reactions at the site of intramuscular
injection.

Conclusions. These results demonstrate that autolo-
gous immunoglobulin idiotype can be formulated into
an immunogenic, tumor-specific antigen in humans with
B-cell lymphoma, and they provide the background for
large-scale trials of active specific immunotherapy of this
disease. (N Engl J Med 1992;327:1209-15.)

have demonstrated that optimal immunization with
immunoglobulin derived from human lymphomas
requires conjugation of the protein to a strongly
immunogenic carrier protein (e.g., keyhole-limpet he-
mocyanin [KLH]) and emulsification in an adju-
vant.'® These results provided the rationale for testing
autologous tumor-derived idiotypic surface immuno-
globulin as a therapeutic “vaccine” against human
B-cell lymphoma.

We immunized nine patients with B-cell lymphoma
with the immunoglobulin-idiotype protein derived
from their own tumors after they had been treated
with chemotherapy and their tumors were in remis-
sion. The primary objective of this study was to deter-
mine whether immune responses against this autolo-
gous antigen could be induced in such patients.

METHODS
Selection of Patients

All patients had a histopathological diagnosis of non-Hodgkin’s
lymphoma. Immunophenotypic studies of the tumors showed that
they were of B-cell origin, with the surface expression of immuno-
globulin molecules composed of both heavy and light chains in
a monotypic pattern (Table 1). Patients were selected who had
minimal residual disease or who were in complete remission after
chemotherapy. Seven patients had had only a single regimen of
chemotherapy, and two had had multiple regimens (Table 1). The
base-line studies used to evaluate clinical disease in all patients
before immunization with idiotypic immunoglobulin included com-
plete physical examination, chest radiography, routine blood counts
and chemistry tests, and bipedal lymphangiography, with or with-
out abdominal and pelvic CT scanning. None of the patients had
received any chemotherapy for at least six months, and none re-
ceived antitumor therapy during the study. All underwent restaging
during immunization and at the completion of:the series of immuni-
zations, according to the objective procedures used at base line. In
addition, three patients with rapidly progressive recurrent lympho-
ma were enrolled in a separate study to assess safety; all three
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required reinstitution of chemotherapy shortly after enrollment, did
not complete the series of immunizations, and were not studied
further.

Isolation and Conjugation of Autologous Immunoglobulin
Idiotype

Lymphoma cells from a biopsy specimen were fused with the
hypoxanthine—aminopterin—thymidine (HAT)-sensitive heterohy-
bridoma K6H6/B5.2° Hybrid cells selected from HAT medium that
secreted immunoglobulin with the type of heavy and light chains
corresponding to the known immunophenotype of the tumor speci-
men were expanded into larger volumes (1 liter), and the superna-
tants were collected and pooled.

The tumor immunoglobulin-idiotype protein was purified from
bulk supernatant by affinity chromatography (antihuman immuno-
globulin—Sepharose). After the protein was adsorbed to the immu-
noadsorbent matrix, the immunoglobulin idiotype was eluted with
0.1 M glycine—hydrochloric acid buffer (pH 2.4). The purity of the
protein (>90 percent) was determined by sodium dodecyl sulfate—
polyacrylamide-gel electrophoresis. Before conjugation, hemocya-
nin from the keyhole limpet (Megathura crenulata) (Calbiochem, San
Diego, Calif.) was passed over a QAE Zeta Prep 15 disk (LKB,
Broma, Sweden) to reduce the level of endotoxin to less than 1000
EU (endotoxin units) per milliliter. Equivalent volumes of immu-
noglobulin idiotype and KLH (both at a concentration of 1 mg per
milliliter and sterilized by filter) were mixed together, and sterile
glutaraldehyde (Sigma, St. Louis) was added, for a final concentra-
tion of 0.1 percent. The immunoglobulin-KLH conjugate was then
dialyzed extensively against physiologic saline. The final product
was tested for sterility and general safety before it was used.

Immunologic Adjuvant

The immunologic adjuvant used in this study was the vehicle
component of SAF-1 (Syntex adjuvant formulation 1) described by
Allison and Byars.?' It is composed of 5 percent (wt/vol) squalane
(BASF, Parsippany, N.J.), 2.5 percent Pluronic L121 polymer (Al-
drich Chemical, Milwaukee), and 0.2 percent polysorbate (Tween
80, Sigma) in phosphate-buffered saline.

Assays for Serum Antiidiotypic Antibody
Direct Enzyme-Linked Immunosorbent Assay

For the direct enzyme-linked immunosorbent assay (ELISA),
preimmune and hyperimmune serum samples from each patient
were diluted over wells of a microtiter plate that had been coated
with either autologous immunoglobulin idiotype or a panel of four
isotype-matched human tumor immunoglobulins of unrelated idio-
type. Bound antibody was detected with horseradish peroxidase—
goat antihuman light-chain antibodies directed against the light
chain not present in the immunoglobulin idiotype (Caltag Labora-
tories, South San Francisco).

Inhibition ELISA

Preimmune and hyperimmune serum samples from each patient
were incubated on microtiter plates that had been coated with au-
tologous immunoglobulin idiotype. Each plate was washed, and
then a murine monoclonal antiidiotype antibody was added to
the wells. Bound murine monoclonal antibody was detected with
horseradish peroxidase—conjugated goat antimouse IgG antibodies
(Caltag).

Inhibition Cell-Binding Assay

Tumor cells were obtained from a cryopreserved lymph-node—
biopsy specimen obtained before treatment; the specimen was
shown by flow cytometry to have 21 percent CD3-positive T cells
(antihuman Leu-4 fluorescein isothiocyanate, Becton Dickinson,
San Jose, Calif.), 4 percent lambda-light-chain—bearing normal
B cells (fluorescein isothiocyanate—goat F(ab’), antthuman lamb-
da, Tago, Burlingame, Calif.), and 75 percent kappa-light-chain—
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Table 1. Characteristics of Patients with B-Cell Lymphoma.

PriOR
SURFACE THERAPYT MoNTHS SITE OF
PaTiENT No. HistoLoGIC IMMUNO- (No. oF SINCE LAST  MEASURABLE
(SEX/AGE) SUBTYPE* GLOBULIN CYCLES) THERAPY DisEAsE
Group 1
1 (F41) FM IgM lambda CVP (8) 9 Submandibular
tymph node
2 (M/56) FM IgA lambda CVP (10) 8 ° None
3 (M/47) FSC IgM kappa Chl/P (12) 6 None
4 (F/43) FSC—DM IgM kappa mAb, CEPP 7 Cutaneous
(4), ABMT mass
5 (M/59) FSC IgM kappa CVP (9) 8 None
Group 2
6 (M/45) FSC IgM kappa CVP (10) 6 None
7 (M/50) FM IgM kappa CVP (8) 18 None
8 (F/25) FSC IgM kappa CVP (9) 20 None
9 (M/56) FLC IgG kappa [**']anti- 12 None
CD20,
ABMT

*FM denotes follicular mixed large cell and small cleaved cell; FSC follicular small cleaved
cell; FSC—DM follicular small cleaved cell, with transformation to diffuse mixed large cell
and small cleaved cell; and FLC follicular large cell.

tCVP denotes cyclophospharmde vmcnstme and prednisone; Chl/P pulsed ch]orambucn]
and predni mADb antiidiotype ibody; CEPP cycloph
predmsone and procarbazine; ABMT autologous bone marrow transplantauon and ['31])anu
CD20 radiolabeled monoclonal antibody.

bearing tumor cells (fluorescein isothiocyanate—goat F(ab’), anti-
human kappa, Tago) (data not shown). Indirect staining with a
murine antiidiotype monoclonal antibody revealed binding of 61
percent of the lymph-node cells.

Cryopreserved cells (1X108) prepared by Ficoll-Hypaque cen-
trifugation were incubated first with 50 ul of hyperimmune or
preimmune serum or 1 ug of unlabeled antiidiotype monoclonal
antibody in a total volume of 100 ul at 4°C for 30 minutes. After
washing, the cells were incubated with a saturating concentration of
biotinylated antiidiotype monoclonal antibody at 4°C for 30 min-
utes, washed twice again, and then incubated with streptavidin—
phycoerythrin (Becton Dickinson) at 4°C for 30 minutes. They were
then washed twice, fixed in 2 percent paraformaldehyde, and ana-
lyzed with a cell sorter (FACS 440, Becton Dickinson).

Purification of Human Antiidiotypic Antibody from
Hyperimmune Serum

Twenty milliliters of hyperimmune serum was passed over an
immunoadsorbent column consisting of autologous immunoglobu-
lin idiotype coupled to Sepharose 4B, and antiidiotypic antibodies
were eluted with 0.1 M glycine—hydrochloric acid buffer (pH 2.4).
The presence or absence of antibodies of the IgG class in the puri-
fied preparation of antiidiotypic antibodies was determined with a
detector consisting of horseradish peroxidase—goat antihuman IgG
antibodies (Tago) specific for the gamma heavy chain. The presence
of mu and gamma heavy chains and both kappa and lambda light
chains was established by sodium dodecyl sulfate—polyacrylamide-
gel electrophoresis.

Assay for Idiotype-Specific Proliferative Response

Proliferation assays were adapted from the techniques of Chain et
al.? Fresh peripheral-blood mononuclear cells (PBMCs), prepared
by Ficoll-Hypaque gradient centrifugation, were washed and plat-
ed at a concentration of 4X10° cells per well in Iscove’s modified
Dulbecco’s medium (IMDM) with 1 percent human AB serum
(IMDM-1 percent AB). KLH or autologous immunoglobulin idio-
type at concentrations of 0 to 100 pg per milliliter in IMDM—
1 percent AB preparation was added in quadruplicate. After the
cells were incubated for three days at 37°C in an atmosphere con-
taining 5 percent carbon dioxide, they were transferred to a prepa-
ration of IMDM and 5 percent fetal-calf serum containing recombi-
nant interleukin-2 (30 U per milliliter, a gift from Cetus, Emeryville,
Calif.). The plate was then incubated for two days and pulsed for 16
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to 20 hours with *H-labeled thymidine (1 uGCi per well). Data are
expressed as mean (xSEM) counts per minute of [*H]thymidine
incorporation.

Expansion of Inmune PBMCs

Initial five-day cultures of PBMCs established as described
above were expanded in the IMDM-5 percent fetal-calf serum
containing interleukin-2 (30 U per milliliter) for three weeks. Har-
vested cells were replated in IMDM-1 percent AB containing au-
tologous immunoglobulin idiotype and fresh irradiated (5000 R)
autologous PBMCs (4X10° cells per well) as antigen-presenting
cells for five days, before pulsing with [*H]thymidine.

REsuLTS
Immunization Schedule

All patients received subcutaneous injections of 0.5
mg of immunoglobulin-idiotype protein conjugated to
KLH at time 0 and at 2, 6, 10, and 14 weeks, followed
by booster injections at 24 and 28 weeks. Patients in
the first trial (group 1) received immunoglobulin idio-
type—KLH alone for the first three immunizations,
then immunoglobulin idiotype—-KLH emulsified in
the Pluronic polymer-based adjuvant formulation for
all subsequent immunizations. Although marked re-
sponses to KLH were observed after a single immuni-
zation, no idiotype-specific immune responses were
evident before the adjuvant was added to the program
for this first group of patients. Therefore, patients in
the second trial (group 2) received the entire series of
immunizations with this adjuvant. In all nine pa-
tients, the production of idiotype-specific antibody
and the proliferative responses of PBMCs in vitro
were determined immediately before each immuniza-
tion and one to two months after the last immuniza-
tion. The KLH carrier served as a convenient internal
control for the immunocompetence of each patient.
All patients had both humoral-antibody and PBMC
proliferation to the KLH protein except Patient 4, who
had only the latter response.

Humoral Responses to Idiotype

Antibody responses were screened by analysis of
preimmune and immune serum samples collected at
various times in the direct ELISA (see the Methods
section). Responses indicated by a significant increase
in the level of antibody binding to autologous immu-
noglobulin idiotype in hyperimmune serum as com-
pared with preimmune serum were then confirmed by
a competition ELISA (see the Methods section).
Three patients were classified as having an antibody
response on the basis of this two-step analysis (Fig.
1 and 2, showing both types of assays). It is clear
that immunization with autologous immunoglobulin-
idiotype protein induced titers of antiidiotypic anti-
body that either directly bound (Fig. 1) or inhibit-
ed the binding (Fig. 2) of a murine antiidiotype
monoclonal antibody to immunoglobulin idiotype on
the plate. The specificity of the humoral response
for the idiotype of the immunoglobulin was dem-
onstrated by a lack of binding of hyperimmune se-
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Figure 1. Serum Antiidiotypic-Antibody Titers Induced after Re-
peated immunizations with Autologous Immunoglobulin Idiotype
in Patient 1.

Preimmune and hyperimmune serum samples from the patient
were diluted over wells of a microtiter plate that had been coated
with either autologous immunoglobulin idiotype or a panel of four
isotype-matched human immunoglobulins of unrelated idiotype.
Bound antibody was detected with horseradish peroxidase—con-
jugated goat antihuman light-chain antibodies directed against
the light chain not present in the immunoglobulin idiotype. For
clarity, only one representative immunoglobulin coat of irrelevant
idiotype is shown, in which there is a lack of marked binding
activity of these serum samples.

rum to a panel of isotype-matched human immu-
noglobulins of unrelated idiotype (Fig. 1) or by a
lack of inhibition of a panel of heterologous idio-
type—antiidiotype systems (Fig. 2). Furthermore, the
inhibition of each antiidiotype-monoclonal-antibody
reagent was specific; that is, each monoclonal anti-
body could be blocked from binding to its correspond-
ing immunoglobulin idiotype only by hyperimmune
serum obtained from the same patient (data not
shown).

The kinetics of the antibody responses elicited are
shown in the screening ELISAs represented in Figure
3. Increases in the serum titer of antibody binding
autologous immunoglobulin idiotype were not detect-
able in Patient 1 (group 1) until after the fourth immu-
nization in the series (Fig. 3). In contrast, both re-
sponding patients from group 2 had increases in
antibody titers at earlier points, with increases first
observed after a single immunization (Fig. 3; Patient 7
is representative of both these patients). In each pa-
tient, these increases in antibody titer peaked after the
fifth immunization. The in vitro responses of these
three patients have persisted at peak levels for at least
9 months (range, 9 to 15).

The antiidiotypic antibodies produced in Patient 1
were purified by affinity chromatography and were
shown to contain heterogeneous light chains as well as
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IgG heavy chains. The presence of antibodies of the
IgG class was confirmed by a specific ELISA (see the
Methods section). This patient’s antibody titer was
successfully boosted with a single administration of
immunoglobulin idiotype—KLH in adjuvant when the
humoral response declined after a period of 15 months
(data not shown).

Antibody Binding to Autologous Tumor

We also tested the ability of the idiotype-specific
humoral response to bind autologous tumor cells in
vitro. As shown in Figure 4, the binding of a labeled
murine antiidiotype monoclonal antibody to tumor
cells from a lymph-node specimen obtained from Pa-
tient 8 before treatment was inhibited by her hyper-
immune serum but not by her preimmune serum.
The specificity of the blocking by the hyperimmune
serum from this patient was confirmed by the lack of
inhibition of a heterologous antiidiotype monoclonal
antibody binding to tumor cells from another patient
expressing an isotype-matched immunoglobulin of
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Figure 2. Inhibition of Binding of a Murine Antiidiotype Monoclonal
Antibody to Autologous Immunoglobulin Idiotype by Hyperim-
mune Serum in Patients 7 and 8.

Preimmune and hyperimmune serum samples were diluted over
microtiter plates that had been coated with autologous immuno-
globulin idiotype. The plates were washed, and culture superna-
tant containing a corresponding murine antiidiotype monoclonal
antibody was added to the wells. Bound murine monoclonal anti-
body was detected with horseradish peroxidase—conjugated goat
antimouse IgG antibodies. The specificity of the hyperimmune
samples was tested by coating plates with a panel of isotype-
matched immunoglobulins of unrelated idiotype and substituting
for the antiidiotype monoclonal antibody an antiidiotype mono-
clonal antibody corresponding to the respective control IgM coat.
Each panel shows a lack of inhibition of one representative heter-
ologous immunoglobulin idiotype—antiidiotype system by each of
the serum samples.

unrelated idiotype under the same experimental con-
ditions (data not shown). Affinity-purified antiidio-
typic antibodies from the hyperimmune serum of the
two other patients who had idiotype-specific humoral
responses were also demonstrated to bind autologous
tumor cells (data not shown).

Cellular Responses to Idiotype

Cellular immune responses were measured by the
proliferation of PBMGCs in response to KLH and to
autologous immunoglobulin idiotype at concentra-
tions ranging from 1 to 100 pg of soluble protein
per milliliter in five-day in vitro cultures. Table 2
shows the results of assays of peak hyperimmune
PBMCs from all patients. None of the preimmune
PBMCs demonstrated any preexisting proliferation in
response to autologous immunoglobulin idiotype that
was greater than the proliferation in culture medium
alone (data not shown). Hyperimmune PBMCs from
all patients showed strong proliferative responses to
the KLH carrier. The finding of primary interest was
the hyperimmune proliferative responses to immuno-
globulin idiotype that were detected in five patients.
Although their responses were of a lower magnitude
than parallel responses to KLLH, Patients 3, 4, 6, 8,
and 9 were classified as responders on the basis of
reproducible increases, sustained over multiple time
points, in the levels of activity in wells containing im-
munoglobulin idiotype, as compared with levels in
wells containing medium alone. Patients who had oc-
casional increases in activity in wells containing im-
munoglobulin idiotype as compared with medium
alone were classified as nonresponders (Patients 1
and 5).

Increases in proliferation in response to autologous
immunoglobulin idiotype in the two responding pa-
tients in group | were not detectable until after the
fourth immunization of the series. The proliferative
responses in the three responding patients in group 2
required a minimum of two immunizations. However,
in two of these patients, pcak responses were observed
after additional immunizations had been administered
(Table 2, Patients 8 and 9). These proliferative re-
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Figure 3. Kinetics of the Humoral Antiidiotypic Responses Elicited
by Immunization with Immunoglobulin Idiotype in Patients
1 (Group 1) and 7 (Group 2).
The serial serum antibody titers in each panel were measured in a
single screening ELISA as described in the legend to Figure 1.

sponses to immunoglobulin idiotype in both groups
of patients have persisted during 9 to 14 months of
follow-up.

Flow-cytometric analysis of cultures demonstrat-
ing proliferation in response to immunoglobulin id-
iotype revealed a predominance of cells staining
positively for CD4 (>95 percent), suggesting the
phenotype of the responding cell subpopulation
(data not shown). These cultures could be success-
fully expanded for approximately four weeks by
stimulation alternately with interleukin-2 and im-
munoglobulin idiotype—pulsed autologous irradiated
PBMCs as antigen-presenting cells (Fig. 5). The
specificity of the responses for immunoglobulin idio-
type was confirmed by a lack of proliferation in re-
sponse to an isotype-matched human immunoglobulin

erythema, induration, and discomfort, without skin
breakdown at the injection sites. Administering the
components of the vaccine (immunoglobulin idio-
type~KLH and adjuvant) separately in one patient
with a moderate local reaction and in another with a
moderate systemic reaction characterized by fever,
rigors, and diffuse arthralgias revealed that the adju-
vant was the component associated with these reac-
tions. Both of these moderate reactions resolved com-
pletely after 24 to 48 hours. The only laboratory
abnormality associated with immunization was a mild
elevation (less than twice the normal value) in the
serum creatine kinase concentration 24 hours after im-
munization in an occasional patient.

All patients were also closely monitored for dis-
ease activity by means of repeated physical examina-
tions and routine laboratory and radiographic studies.
Of the two patients with measurable tumor at the
initiation of immunization, one (Patient 1) had com-
plete regression of a single 2.5-cm left submandibular
lymph node, documented by CT, and the other (Pa-
tient 4) had complete regression of a 4.5-cm cutaneous

300
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Figure 4. Inhibition of Binding of a Murine Antiidiotype Monocional
Antibody to Tumor Cells from Patient 8 by Her Hyperimmune
Serum.

Single-color fluorescence histograms from a single experiment
represent staining of lymphoma cells with a biotinylated anti-
idiotype monoclonal antibody after incubation of the cells with
hyperimmune serum containing antiidiotypic antibody, control
preimmune serum, or unlabeled monoclonal antibody or without
inhibitor. The specificity of the hyperimmune serum from this pa-
tient was confirmed by the lack of inhibition of a heterologous
antiidiotype-monoclonal-antibody reagent binding to tumor cells
from another patient expressing immunoglobulin of the same iso-
type under the same experimental conditions (data not shown).
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Table 2. In Vitro Proliferative Responses of PBMCs to KLH and Immunoglobulin Idiotype.
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PATIENT No. oF PROLIFERATION
No. IMMUNIZATIONS IN MEDIUM REsPONSE TO KLH RESPONSE TO IMMUNOGLOBULIN [DIOTYPE
10 pg/ml 50 pg/ml 100 pg/ml 10 pg/mi 50 pg/ml 100 peg/ml
mean (£SEM) counts per minute for ["H]!hymizline incorporation by PBMCs*
Group 1
1 5 1,721£612 5,459+1305 6,938+402 ND 747+234 3,117+689 ND
2 6 137£55 2,153+560 2,697+731 ND 18833 355+40 ND
3 5 14,003+ 1827 34,799£4906 58,190+ 1816 83,646£3768 14,394 6177 22,764+5264 40,102+4036
4 4 4,477+£584 6,767+531 16,020£1517 10,541 +560 9,629+596 7,380%382 8,182+1138
5 7 4,380+394 24,577+898 ND 31,058+781 5,362x463 7,366+372 ND
Group 2
6 2 12,887x1435 39,996+2826 91,237x1965 113,508+5139 32,922+3282 29,584+5167 ND
7 5 6,702+544 54,957%2753 ND 67,571x7341 7,162x1179 ND 5,779+481
8 5 7,645+731 71,152x3172 ND 81,842+3162 10,769+ 341 ND 17,977+1334
9 6 8,953+£767 68,118+3858 ND 67,657x1013 6,419+997 ND 20,332x1379

*Each mean (quadruplicate wells) was calculated from assays of peak hyperimmune autologous PBMCs. ND denotes not done.

lymphomatous mass on the right arm. These patients
remain in remission 24 and 10 months, respectively,
after completing immunization. Of the patients who
were in remission and completed the series of immuni-
zations, one has had a recurrence (Patient 5); all the
other patients remain in remission after a median fol-
low-up of 10 months.

DiscussioN

The idiotype of the immunoglobulin expressed on
the surface of a B-cell lymphoma cell can function as a
tumor-specific antigen. A major obstacle limiting the
success of passive immunotherapy of B-cell lympho-
mas with a murine antiidiotype monoclonal antibody
has been the emergence of tumor cells with mutated
forms of their surface immunoglobulin.”® Active im-
munization with purified immunoglobulin, by virtue
of induction of a polyclonal immune response directed
against multiple idiotypic determinants on this mole-
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& |
=4
X2 |
i)
=}
=
S o
)
Q
@ 10 |
c
=]
]
(6] L
0
100 10 1
Immunoglobulin Idiotype Medium
(ng/mi)

cule, may overcome this obstacle. The results present-
ed here show that immunoglobulin idiotype can serve
as an immunogen (antigen) eliciting both humoral
and cell-mediated immunologic responses. Seven of
nine patients with B-cell lymphoma had sustained
idiotype-specific immune responses of a humoral type
(two patients), cell-mediated type (four patients), or
both types (one patient). The responses specific for
this autologous protein were significantly increased
over base-line levels, although they were not equal in
magnitude to those generated against the KLH carri-
er. This was an expected result, given the strongly
immunogenic nature of the exogenous antigen as
compared with an autologous protein. The humoral
antiidiotypic response elicited was clearly capable
of binding autologous tumor in vitro. We presume
that this induced antibody bound to tumor cells in
vivo; however, this could not be proved because at
the time of their immune responses the patients
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Figure 5. Expansion and Restimulation of Immune PBMCs in Patients 9 and 6.
PBMCs proliferated in vitro in response to autologous immunoglobulin idiotype after expansion of the primary five-day cultures (de-
scribed in the Methods section) with interleukin-2 for three weeks and restimulation with idiotypic-immunoglobulin protein at various
concentrations. Values are means +*SEM.
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were all in complete clinical remission. The present
study also establishes the requirement for an immuno-
logic adjuvant, such as the Pluronic polymer-based
vehicle used.

The concept of a therapeutic tumor vaccine might
involve two different strategies. The goal of one ap-
proach is to induce immune resistance in the host
against the regrowth of tumor cells that remain after
primary therapy. Such an approach is exemplified by
clinical trials of whole-tumor-cell or cell-lysate vac-
cines administered to patients with colon cancer?* and
to patients with melanoma® who are at high risk for
relapse after standard therapy. The alternative ap-
proach is to administer the vaccine as therapy for
clinically apparent disease. Several trials in which
melanoma-cell-lysate vaccines have been adminis-
tered without prior cytoreductive therapy have report-
ed objective antitumor responses. In these studies, the
induction of tumor-specific immunologic responses
appears to be a requisite for the clinical responses ob-
served, and the inability to elicit immune responses in
the presence of gross tumor is a factor limiting the
success of this approach.?2

In this study we adapted a vaccine approach to
B-cell lymphomas. We reasoned that the group in
which we would have the best chance to demonstrate
that patients could mount an immune response to
components of their own tumor would be patients
whose tumors were in remission but whose previous
therapy had been limited. It was possible to induce a
low level of specific humoral and cellular immunity in
such patients. There may be considerable latitude for
optimizing the immunogenicity of the vaccine by
modifying its “foreignness” by molecular engineering
and by using better immunologic adjuvants. If more-
potent vaccines can be formulated, then the approach
can be extended to immunization of patients with
greater tumor burdens. The successful induction of
immune responses to the KLH carrier suggests that
chemotherapy-induced immunosuppression is not an
obstacle to active immunotherapy administered as an
adjunct to cytoreductive drug therapy.

A potential limitation of this approach is that the
use of autologous immunoglobulin-idiotype protein as
the immunogen requires that a vaccine be produced
individually for each patient and that accessible tumor
tissue be available as starting material. Methods to
refine and streamline the production of the purified
immunoglobulin-idiotype product would thus be de-
sirable.

We are indebted to Roxena McElderry for skilled nursing assist-
ance, to Dan Levi and Marlo Lenox for excellent technical assist-
ance, and to Nancy Edwards and Phyllis Bussey for assistance in the
preparation of the manuscript.
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