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Abstract
Tumor-specific variable regions of the clonal immunoglobulin (idiotype, Id) expressed by B cell
non-Hodgkin lymphoma (NHL) can be targeted by active immunotherapy. We conducted a phase
I/II trial to determine the safety and immunogenicity of a patient-specific, recombinant,
mammalian cell-derived Id protein conjugated to keyhole limpet hemocyanin (Id-KLH; MyVax®

personalised immunotherapy) in 22 patients with follicular NHL in first remission after
chemotherapy. Subjects received five subcutaneous immunisations with MyVax® plus locally
administered granulocyte-macrophage colony-stimulating factor (GM-CSF). Among 21 evaluable
patients, 62% mounted Id-specific immune responses. Evoked anti-Id antibodies recognised both
recombinant Id and native Id, and could specifically stain autologous tumor cells. At median
follow-up of more than 6 years, median progression-free survival is 38 months. Immunisation of
follicular lymphoma patients with MyVax® Id-KLH is safe and patients often mount tumor-
specific immune responses. These results form the basis of a pivotal phase 3 trial of MyVax® in
follicular NHL.
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Introduction
The tumor-specific immunoglobulin (Ig) expressed by B cell lymphomas can serve as a
target for active immunotherapy. This target, referred to as the ‘idiotype’ (Id), is composed
of the unique antigenic determinants in the variable regions of the clonal Ig heavy and light
chains expressed by the tumor cells [1]. Id proteins contain structures that can be recognised
by antibodies [2–6] and by CD4+ [5,7–9] and CD8+ [10–14] T cells, and can be isolated
from autologous tumor cells and formulated into a custom-made therapeutic tumor vaccine.
The traditional approach for generating patient-specific Id vaccines involves fusion of
individual patient's lymphoma cells with myeloma cells, yielding a ‘rescue’ hybridoma
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secreting large quantities of Id protein [15]. The Id is then chemically conjugated to the
highly immunogenic carrier protein keyhole limpet hemocyanin (KLH) rendering it more
immunogenic. The resulting Id-KLH conjugate is then injected subcutaneously (s.c.) along
with an immunologic adjuvant to evoke tumor-specific antibody and T cell responses.

Results from early clinical trials of Id immunisation for follicular lymphoma using
hybridoma-derived Id have included the induction of tumor-specific anti-Id immune
responses that correlate with improved disease-free and overall survival [7,8], achievement
of molecular complete remissions (bcl-2 negative PCR status) and favorable progression-
free survival (PFS) using Id-KLH plus GM-CSF [16,17], and durable tumor regressions
following immunisation with Id protein-loaded autologous dendritic cells [18,19]. However,
limitations of the rescue hybridoma method include a production failure rate as high as 15%,
the need for viable tumor cells for cell fusion, non-uniformity of the Id product (IgG, IgM or
other isotype expressed by the tumor) and the instability of Id secretion by tumor
hybridomas over time. An alternative technique, ‘molecular rescue’, employs PCR
amplification of the tumor-specific variable region Ig sequences from small numbers of
tumor cells (107) for cloning into expression vectors carrying the desired isotype backbone
[Figure 1(A)]. This molecular approach obviates the need for surgical biopsy, as adequate
material can be obtained by fine or core needle biopsy, bone marrow biopsy, involved
peripheral blood or fluid collection aspiration. We [20] have developed these newer
techniques for the efficient production of Id proteins from lymphoma specimens.

We performed a phase I/II clinical trial of a mammalian cell-derived, recombinant patient-
specific therapeutic Id vaccine product (MyVax®, Genitope Corporation, Fremont, CA) in
patients with follicular NHL in first remission following chemotherapy. The goals of this
study were to determine the feasibility, safety and immunogenicity of this novel form of
recombinant Id-KLH plus GM-CSF immunisation following standard cytoreductive
chemotherapy. We found that recombinant Id-KLH plus GM-CSF was well-tolerated, and
that immunogenicity was comparable to that of hybridoma-derived Id. Induced serum anti-
Id antibodies recognised native tumor Id structure as well as recombinant Id, and could
specifically bind to patient's tumor cells. After more than 6-years of follow-up, a substantial
proportion of patients remain progression-free, including many predicted at baseline to have
adverse prognosis. These results have provided the basis for a multi-center, randomised
phase III trial of this recombinant Id vaccine following initial chemotherapy.

Patients and methods
Study design

The study included previously untreated patients ≥18 years of age with stage III or IV
follicular B cell NHL (Grades I and II by WHO classification), with accessible tumor tissue
for biopsy expressing monoclonal surface Ig. Subjects were required to have Karnofsky
performance status of >70%, adequate hepatic, renal and bone marrow function, and the
ability to provide informed consent. Patients with serious concomitant illnesses, CNS
involvement, pregnancy, HIV seropositivity or those requiring chronic corticosteroid or
immunosuppressive therapy were excluded. The vaccine dose and schedule were chosen to
be identical to those safely used in previous trials of hybridoma-derived Id proteins [7,8,16]
(see below). For this reason, despite this being a first-in-human trial of the new recombinant
Id vaccine, no dose escalation was performed. To be eligible for immunisation, subjects had
to achieve and maintain at least a partial response (PR) to chemotherapy for a minimum of 3
months after completion of treatment [21], and until vaccine manufacturing was complete,
up to a maximum of 1 year. The study was approved by the Institutional Review Boards of
Stanford University and the University of Nebraska Medical Centers and the U.S. Food and
Drug Administration, and all patients supplied written informed consent.
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Target enrollment was set at 25 subjects, with a goal of completing immunisation in 20 or
more subjects. A dropout rate of approximately 20% was estimated from our prior
experience in cytoreduction with CVP/CHOP and in laboratory production of recombinant
Id vaccines [8,19]. Given that vaccine-associated toxicities were expected to be minimal
based on prior experience with similar vaccine preparations, formal stopping rules for
vaccine safety were not predetermined. Primary study endpoints included safety, Id-specific
immune responses (serum anti-Id antibody titers and Id-specific T cell proliferation) and
clinical response status, with secondary endpoints of progression-free and overall survival
[21]. The primary criteria for proceeding with a phase III trial were safety and an overall
immune response rate (humoral + cellular) of at least 40%, thus approximating the 49%
immune response rate observed in our previous trial using hybridoma-derived Id [8].

Patients
Eligible patients were evaluated at baseline for prognosis according to the Follicular
Lymphoma International Prognostic Index (FLIPI)[22]. After tissue collection, patients
received four to six cycles of CVP (cyclophosphamide 400 mg/m2 PO days 1–5, vincristine
1.4 mg/m2 IV day 1, and prednisone 100 mg PO days 1–5) to best clinical response [Figure
1(B)]. Five patients achieving only PR after CVP were treated with two to six additional
cycles of CHOP (cyclophosphamide 750 mg/m2 IV day 1, Adriamycin 50 mg/m2 IV day 1,
vincristine 1.4 mg/m2 IV day 1, and prednisone 50 mg/m2 PO days 1–5), in attempt to
achieve minimal residual disease burden before vaccination. Clinical responses were
classified as PR, complete response (CR), or CR unconfirmed (CRu) according to
standardised response criteria [21]. Immunisations were initiated 4–9 months after
completion of chemotherapy according to the schedule given below. Repeat staging
evaluations including CT scans of the chest, abdomen and pelvis were performed pre-
vaccine, post-vaccine (1–3.5 months following completion of vaccinations), every 3 months
for the first 2 years, and every 3–6 months thereafter. PFS is measured from the date of last
chemotherapy.

Production of recombinant idiotype protein vaccines
The schema for production of MyVax® is shown in Figure 1(A). Total RNA was isolated
from tumor biopsies using the RNeasy Midi Kit (Qiagen, Valencia, CA), and first strand
cDNA amplified with primers specific for the appropriate heavy chain or light chains as
determined by flow cytometry. RT-PCR was performed using family specific Ig variable
and constant region primers located 5′ to those used for cDNA synthesis, with a separate
reaction for each V region family [23,24]. DNA from individual PCR reactions was directly
sequenced, then confirmed by repeat RT-PCR. Id-encoding DNA was subcloned into cDNA
plasmid expression vectors containing an IgG3 heavy chain constant region sequence
(except patient #1, where IgG1 was used), and the light chain constant region sequence
matching that of the tumor. Individual clones were isolated and sequenced, and those
matching the original RT-PCR product selected for expression in mammalian cells.
Plasmids each expressing the Id, the selectable marker hypoxanthine-guanine
phosphoribosyl transferase, and the amplifiable marker dihydrofolate reductase were co-
electroporated into BW5147.G.1.4 murine lymphoma cells [25], followed by selection in 2
μg/mL azaserine and 100 μM hypoxanthine. Selected clones were assayed for Ig production
by ELISA, and high-expressing clones grown further in methotrexate to amplify the Id
genes until the secretion level was adequate for large-scale production.

Production cell lines were incubated in HyQ CCM-1 media (Hyclone, Logan, UT) in 2-L
cell culture bags (Medtronic, Chicago, IL) at 37°C for 8–12 days. Recombinant Id was
purified from supernatants using HiTrap Protein G columns (GE Healthcare, Newark, NJ),
eluting with 100 mM glycine, pH 2.7, then dialysed into normal saline. The Id was then
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chemically conjugated to clinical grade KLH (Biosyn, Carlsbad, CA) with 0.1%
glutaraldehyde (Sigma, St. Louis, MO) at room temperature for 60 min, dialysed into normal
saline and aliquoted into vials for storage at −80°C. The final products were tested for
sterility and endotoxin content. Rescue hybridoma Id proteins were produced for 12 patients
as previously described [15], for use in immune response assays.

Immunisations
Immunisations consisted of 1 mg of Id-KLH (0.5 mg each Id and KLH) plus 250 μg GM-
CSF on day 1, divided and injected s.c. into the skin of each anterior thigh or posterior upper
arm. On days 2–4, 250 μg GM-CSF was divided equally and injected into these same
marked sites. Immunisations were given at weeks 0, 4, 8, 12 and 24. Immune response
testing was performed before immunisations 1, 3, 4 and 5, and at weeks 14 and 26. Adverse
events (AEs) were recorded according to National Cancer Institute Common Terminology
Criteria for AE (CTCAE v3.0).

Humoral immune response assessments
Anti-Id antibodies were measured in serum by ELISA as previously described [8], with the
following modifications. For IgG3 recombinant Id proteins, bound anti-Id antibodies were
detected with a cocktail of anti-human IgG1, IgG2 and IgG4 antibodies coupled to
horseradish peroxidase (HRP) (Southern Biotech, Birmingham, AL). A response was
considered positive when a four-fold increase in anti-Id titer was found compared to both
pre-immunisation serum and three isotype-matched irrelevant Id proteins used as specificity
controls. Antibody responses to rescue hybrid-derived Id proteins and KLH were measured
as previously described [8]. For tumor cell staining experiments, cryopreserved IgM-
positive tumor cells were incubated with 1% pre- or post-vaccine serum overnight at 4°C,
washed, then incubated with goat anti-human IgG F(ab′)2-phycoerythrin, followed by
counter-staining with anti-human IgM F(ab′)2-FITC (Biosource, Camarillo, CA). Stained
cells were analysed using a FACScan flow cytometer (Becton Dickinson, San Jose, CA).

Cellular immune response assessment
T cell proliferation assays were performed on patients 1–16 at Stanford University using
fresh peripheral blood mononuclear cells (PBMC) as reported previously [8]. Patients 17–21
were treated at the University of Nebraska Medical Center, and because of the difficulties in
shipping viable PBMC across the U.S., cellular proliferation assays were not attempted for
these cases. This assay was chosen to provide historical comparison with our experience
using hybridoma-derived Id proteins [7,8,18,19]. Briefly, PBMC were cultured in
quadruplicate in media alone or with tumor Id, irrelevant Id proteins from other patient's
tumors, or KLH at 0.1, 1.0, 10 and 100 μg/mL. Incorporation of [3H]-thymidine (Amersham
Pharmacia Biotech, Piscataway, NJ, 185 GBq/mmol) was measured after an overnight pulse
(1 μCi/well) on day 5. A response was interpreted as positive when incorporation of more
than twice background (media alone) with at least one antigen concentration was observed
on two or more occasions.

Statistical analysis
Differences in PFS among patient groups were determined using the Kaplan–Meier
estimation [26] and log-rank statistic using PRISM software (Graph-Pad Software, San
Diego, CA).
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Results
Enrollment and cytoreductive chemotherapy

The baseline characteristics of the 21 evaluable patients are summarised in Table I. Detailed
descriptions of individual patients and outcomes are presented in Table II. The vast majority
of patients had stage IV disease with bone marrow involvement (86%). According to the
FLIPI prognostic model [22], nearly all patients had high risk (n = 8, 38%) or intermediate
risk (n = 11, 52%) disease; only two subjects (10%) had low-risk disease by FLIPI (Table I).

All patients achieved at least a PR to CVP chemotherapy. Because the rate of detectable
immune responses to Id immunisation is improved in patients with minimal residual tumor
[8], we attempted further cytoreduction in five PR patients using two to six cycles of CHOP.
In four cases, response was improved to CR or CRu (Table II). One patient received
rituximab (three 4-week courses) before, during and after Id-KLH immunisations by an
outside oncologist in violation of the protocol, and was thus not evaluable for immune and
clinical responses, but was included in safety evaluations. In this study, rituximab was not
permitted because of its resulting depletion of normal B cells and severe impairment of
humoral responses to vaccines [27–30].

Production and administration of recombinant idiotype vaccines
Recombinant Id proteins were successfully produced for all 22 patients (100%) eligible for
immunisation during chemotherapy and the subsequent ‘rest’ period for immunologic
recovery after chemotherapy [Figure 1(B)]. This rest period ranged from 4.6 to 8.8 months
following chemotherapy (median 6.5 months), depending on the time required to complete
vaccine production. All patients remained in remission during the rest period (Table II). The
total time required to produce vaccines varied from 3 to 13 months, but most vaccines could
be manufactured within 3–6 months. The clinical status before immunisation was PR in 5
patients (24%), CRu in 7 patients (33%), and CR in 9 patients (43%). Patient 6 had early
radiographic evidence of tumor growth pre-immunisation, though not meeting criteria for
progressive disease, and thus proceeded to complete immunisations. Four additional patients
had been enrolled in the study, but were not eligible for immunisations because of
inadequate response to chemotherapy (n = 3, including one subject whose progressive
disease had transformed to diffuse large B cell lymphoma), or lack of surface Ig expression
by collected tumor cells (n = 1).

Safety of immunisations
All 22 patients completing the five scheduled immunisations were evaluable for safety.
Immunisations were well-tolerated, with AEs primarily limited to mild-to-moderate local
injection site reactions and transient flu-like symptoms (Table III). Injection site reactions
were characterised by erythema (100%) and less often induration, local discomfort and
itching. The vast majority of AEs were Grade 1, self-limiting and largely attributable to
GM-CSF.

Immune responses to recombinant idiotype vaccine
Among 21 subjects evaluable for humoral anti-Id response and 16 subjects evaluable for T
cell response, the overall Id-specific immune response rate was 62% (13/21). This included
10 patients with antibody responses (48%), 7 patients with T cell responses (44%), and 4
patients mounting both antibody and T cell responses (25%). All patients mounted both
humoral and T cell proliferative responses to KLH. The frequency of Id-specific immune
responses did not differ substantially between patients treated with CVP (9/16, 56%) versus
CVP plus CHOP (4/5, 80%). An example of a tumor-specific anti-Id antibody response is
shown in Figure 2(A), with patient's post-immunisation serum reacting with the recombinant
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Id. Figure 2(B) is an example of a tumor-specific of humoral response, in which significant
binding is detected only against autologous Id, but not to Id derived from three other
patient's tumors.

To confirm that immune responses generated against recombinant Id were relevant to native
Id structure, tumor-specific rescue hybridomas were produced for 12 patients. The resulting
rescue Id proteins were tested alongside recombinant Id proteins as targets for binding to
anti-Id antibodies in post-immunisation serum. Among cases available for comparison, in
each case of positive humoral reactivity to recombinant Id (n = 5), comparable reactivity to
rescue hybridoma-derived Id was also demonstrated (data not shown). Conversely, when
there was no humoral response to recombinant Id (n = 7), reactivity to rescue hybridoma Id
was also negative. To further verify the ability of induced serum anti-Id antibodies to bind to
the Id in its native conformation, we performed tumor cell staining experiments with post-
immunisation serum from two patients having high anti-Id antibody titers using flow
cytometry. As shown in Figure 2(C), each patient's serum antibodies binds only to
autologous tumor cells, thus demonstrating again the tumor-specific nature of the evoked
anti-Id humoral immune response. Id-specific T cell proliferation was also measured as in
previous trials, and a representative response is shown in Figure 2(D). Notably, the response
becomes positive only after the fourth immunisation, and reaches a high level 2 weeks after
the fifth Id-KLH injection. As predicted, the single patient in this study who received
rituximab failed to mount a humoral anti-Id response, and the humoral response to KLH was
delayed and of low titer (data not shown).

Clinical outcomes following immunisation
At a median follow-up of 77 months since the end of chemotherapy, 9 of 21 patients (43%)
have remained in continuous first remission, remaining progression-free for 67.9+ to 95.4+
months (Table II). Twelve of 21 (57%) patients have progressed, with a median TTP of 38
months (Figure 3). Seventeen of 21 patients (81%) remain alive, with four deaths due to
lymphoma. Of the 9 patients experiencing long-term disease-free survival, 7 are in CR and 2
are in CRu. Prolonged PFS was noted in patients with both intermediate (n = 4) and high-
risk disease (n = 4) according to the FLIPI. Thus, adverse prognosis did not appear to
preclude a favorable outcome in this cohort treated with Id immunisation after
chemotherapy. The proportion of long-term CR/CRu patients was similar in patients
receiving CVP alone (7/16, 44%) versus CVP plus CHOP (2/5, 40%). As in earlier studies,
we attempted to correlate immunologic responses to clinical outcomes [8]. In this study,
positive results in the humoral and/or T cell proliferation immune response assays used did
not correlate significantly with TTP (Table II).

Discussion
Therapeutic immunisation with patient-specific tumor Id offers the opportunity to
specifically target lymphoma cells for immune-mediated destruction [1]. Numerous early
phase clinical trials have provided strong rationale for this approach [2,6,7,16–19]. Until
recently, however, the rapid and efficient production of Id for immunisation of large
numbers of NHL patients was not feasible because of the cumbersome hybridoma
procedures involved. We report here the first method for large-scale production of patient-
specific recombinant Id proteins in mammalian cells. This technology reduces the time
required for Id protein production by half (to 3–4 months in some cases), while improving
the success rate to nearly 100%. Among more than 500 NHL biopsies collected for the
ongoing MyVax® phase 3 trial, Id protein has been produced in more than 99% of cases in
which tumor cells express surface Ig (D. Denney, unpublished data). Although all patients in
the current study had excisional biopsies, surgical biopsy is not required for the production
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of recombinant Id, as adequate tumor cells can be obtained by FNA, core needle biopsy,
bone marrow aspiration or sampling of involved peripheral blood.

The mammalian cell Id expression system used here also offers potential advantages over
non-mammalian sources of recombinant Id proteins such as those produced in insect cells or
bacteria [20,31]. Production in mammalian lymphoid cells ensures that Id proteins will
maintain their natural glycosylation patterns and promotes proper three-dimensional protein
folding. Tumor-specific Igs expressed by follicular NHL frequently harbor N-linked
glycosylation sites in their variable region domains, and the associated carbohydrate chains
may affect recognition of tumor Id by anti-Id antibodies [32].

Several lines of evidence suggest that the induction of a strong anti-Id antibody response is
an important goal of Id immunisation. First, passively administered patient-specific anti-Id
antibodies have been shown to have striking clinical activity in follicular lymphoma
patients, with some apparently cured [2,6]. More importantly, improved long-term outcome
of follicular lymphoma patients has been correlated with induction of humoral anti-Id
immunity. In our recent retrospective analysis of 136 follicular NHL patients treated with
Id-KLH vaccines (including the 21 patients described here), those mounting detectable anti-
Id antibody responses experienced significantly longer PFS than those who did not [33].
Moreover, patients harboring the FcγRIIIa V/V polymorphism, previously shown to predict
superior response to rituximab, also had prolonged PFS. The V allele corresponds to an
FcγR with higher affinity for IgG and enhanced ADCC against antibody-coated tumor cells.
This suggests that some subjects may have a cytotoxic anti-tumor antibody response that is
undetectable using our current methods. It is reasoned that at a threshold humoral anti-Id
response, FcγR-bearing natural killer cells and monocytes carry out efficient ADCC in
patients with the V/V genotype.

Given the potential importance of anti-Id antibodies, it was important to ensure that our
recombinant Id vaccine could induce humoral anti-Id immunity that was relevant to the
native Id conformation as expressed by tumor cells. Anti-Id antibody responses were
detectable in 48% of patients in this study, comparable to the rate of 35–42% seen in our
earlier series using rescue hybrid-derived Id protein [8,33]. Importantly, there was complete
concordance between the measured immune response to the recombinant Id protein used for
immunisation and hybridoma-derived proteins, and sera from two patients could specifically
stain their own tumor cells. The two patients exhibiting this tumor-specific cell staining both
had favorable outcomes; one remains in complete remission at 91.1+ months following
initial chemotherapy (#2), and another whose remission lasted more than 30 months (#5).

Positive results in the T cell proliferation immune response assay used did not correlate
significantly with TTP in this study (Table II). This particular assay was chosen to allow
comparison to our earlier experience with hybridoma-derived Id proteins [7,8,18,19]. It is
acknowledged that this assay measures only cell proliferation in response to Id, whereas
newer T cell assays such as ELISPOT [30,34,35], cytokine release [16] or intracellular
cytokine staining [17,20,36] are more sensitive, particularly in the detection of CD8+ T cell
responses. The design of future Id vaccine trials should incorporate such T cell assays to
increase sensitivity and to identify relevant immunologic correlates of tumor regression or
improved survival.

After a median follow-up of more than 6 years (77 months), 43% of our patients remain in
continuous first complete remission (CR or CRu) for periods ranging from 67.9+ to 95.4+
months. The FLIPI has been reported to strongly predict both overall survival [22] and PFS
following initial therapy [37–39] in follicular lymphoma. Ninety percent of our subjects had
high-risk (38%) or intermediate-risk (52%) disease, which contrasts with the frequency of
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these risk groups in other larger follicular lymphoma cohorts (high-risk 21–27%,
intermediate risk 31–37%) [22,38]. However, in this non-randomised trial, we cannot rule
out that these outcomes are due to chemotherapy alone. The lack of correlation between
adverse FLIPI score and outcome in this trial may be secondary to the small sample size in
this trial.

Despite the demonstrated immunogenicity of the recombinant Id vaccine used in this trial,
there remains considerable room for improvement in immune and clinical outcomes after Id
immunisation. Id-KLH vaccines used this and other trials to date fail to elicit anti-Id immune
responses in up to half of patients [8,19,20,31], and many first remission patients continue to
experience early disease recurrence [30,33,40]. Fortunately, recent advances in vaccine
technology may offer substantial improvements in Id-KLH vaccine potency. For example,
an alternative chemical process for linking Id to KLH has recently been described that
markedly augments anti-Id antibody and T cell responses and permits eradication of
established lymphoma [41]. This process could easily be incorporated into existing Id-KLH
immunotherapies, as could additional new immunologic adjuvants and cytokines [42].
Second generation Id-KLH vaccines incorporating one or more of these refinements may
thus have substantially improved efficacy.

In conclusion, we have demonstrated that immunisation of NHL patients with recombinant
mammalian cell-derived Id protein (MyVax®) is feasible, safe and leads to frequent Id-
specific immune responses. These results have served as the basis for the phase III trial of
MyVax® in follicular NHL patients in first remission after standard CVP chemotherapy
[43]. As further trials are expected to introduce second-generation Id vaccines with even
greater immunologic potency, it is hoped that Id-KLH vaccines will offer important clinical
efficacy to patients with NHL.
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Figure 1.
Therapeutic immunisation for lymphoma with recombinant idiotype protein. (A) Schema for
production and administration of MyVax®. PCR, polymerase chain reaction; Id, idiotype;
VH and VL, heavy and light chain variable regions; KLH, keyhole limpet hemocyanin. (B)
Treatment schedule for cytoreductive chemotherapy and immunisations.
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Figure 2.
Idiotype-specific immune responses following Id-KLH immunisation. (A) Patient 5 humoral
response measured by ELISA. Pre- or post-vaccination serum was serially diluted and tested
for binding (indicated by optical density, O.D.) to the patient's own tumor Id vs. another
patient's (irrelevant) Id protein as a control. Only post-vaccine serum shows a high degree of
tumor Id-specific binding. (B) Specificity of an anti-Id antibody response after
immunisation. Post-immunisation sera (patient 1) was serially diluted and tested by ELISA
for binding (indicated by optical density, O.D.) to the patient's own tumor (relevant) Id
versus three other patient's tumor Id proteins as controls. The solid black line indicates a
highly tumor-specific antibody response, with minimal binding to other patient's tumor Ids
(irrelevant; dashed lines). (C) Flow cytometric demonstration that anti-Id antibodies induced
by recombinant Id-KLH vaccine specifically recognise autologous tumor cells. Tumor cells
from patients 2 and 5 (upper and lower sets of panels, respectively) were incubated with
either autologous post-vaccine serum or that of the other patient as a control. Bound anti-Id
IgG antibodies were detected by anti-IgG-PE (Y-axis), and tumor B cells (IgM+) were
counterstained by anti-IgM-FITC (X-axis). Each patient's serum specifically recognises only
the autologous tumor cells, but not the control, irrelevant tumor cells. (D) Tumor Id-specific
T cell proliferative response post-vaccination. Proliferation of PBMC cultured with
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autologous tumor Id or irrelevant control Id proteins (100 μg/mL) from other patient's
tumors were measured by 3H-thymidine incorporation (counts per minute, c.p.m.). The
kinetics of the T cell proliferative response to tumor versus control Id proteins during the
course of the five immunisations is depicted. Maximal T cell response is achieved after the
5th injection.
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Figure 3.
Progression-free survival (PFS) of all 21 evaluable subjects, measured from the date of last
chemotherapy. Nine of 21 subjects (43%) remain in remission after median of follow-up of
77 months. Median PFS is 38 months.
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Table I

Summary of patient characteristics.

Characteristic Patients (n = 21)

Age (years)

 Median 49

 Range 32–73

Sex

 Male 11 (52)

 Female 10 (48)

Type of NHL

 Follicular small cleaved cell (Grade 1) 15 (71)

 Follicular mixed cell (Grade 2) 6 (29)

Disease stage

 Stage III 3 (14)

 Stage IV 18 (86)

FcγRIIIa genotype

 F/F or V/F 17 (81)

 V/V 4 (19)

FLIPI score

 1 (low risk) 2 (10)

 2 (intermediate risk) 11 (52)

 3 or 4 (high risk) 8 (38)

Values within parentheses represent percentages.
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Table III

Adverse events in 22 patients evaluable for safety.

Adverse events Patients (n = 22) (%)

Injection site reactions Any grade*

 Erythema 100

 Induration 86

 Pain 86

 Pruritus 64

 Bruising 32

 Inflammation 27

Headache 55

Fatigue 45

Back pain 36

Pain NOS 32

Nasopharyngitis 32

Arthralgia 27

Influenza-like illness 23

Myalgia 23

Fever 18

Nausea 18

Dyspepsia 14

Rigors 14

*
Grade 1 except for one patient each (5%) with Grade 2 myalgia, Grade 2 headache, Grade 2 dyspepsia, two patients (9%) with Grade 2 pain NOS,

and one patient (5%) with Grade 3 muscle spasms.
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