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Abstract
Anti-B4-blocked ricin (anti-B4-bR) is a potent immunotoxin directed against the CD 19 antigen.
Previous phase I and II studies suggested a possible role for anti-B4-bR as consolidation after
high-dose chemotherapy and autologous stem cell transplant. Cancer and Leukemia Group B
(CALGB) 9254 is a phase III study which randomized 157 patients with B-cell lymphoma in
complete remission following autologous transplant to treatment with anti-B4-bR or observation.
With a median follow-up time for patients of 5.8 years, the median event-free survival for protocol
treatment and observation are 2.1 and 2.9 years, respectively (p = 0.275). The median overall
survival for treatment and observation are 6.1 years and not reached, respectively (p = 0.063).
Therefore, no differences were found in event-free survival and overall survival between protocol
treatment and observation, although there was a trend toward improved survival with observation.
These data fail to support a role for anti-B4-bR as consolidative therapy after bone marrow
transplant in patients with B-cell lymphoma.

Keywords
Lymphoma; anti-B4-blocked ricin; autologous transplant; adjuvant therapy

© 2011 Informa UK, Ltd.

Correspondence: Richard R. Furman, Center for Lymphoma and Myeloma, Weill Cornell Medical College, 525 East 68th Street, New
York, NY 10065, USA. Tel: 646-962-2064. Fax: 646-962-1605. rrfurman@med.cornell.edu.

NIH Public Access
Author Manuscript
Leuk Lymphoma. Author manuscript; available in PMC 2013 June 14.

Published in final edited form as:
Leuk Lymphoma. 2011 April ; 52(4): 587–596. doi:10.3109/10428194.2010.543714.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Diffuse large B-cell lymphoma is the most common sub-type of non-Hodgkin lymphoma
(NHL) in the United States, representing approximately 30% of all patients [1]. Standard
initial therapy for aggressive NHL is chemoimmunotherapy, which achieves complete
response rates of 60–80% [2–4] and a 5-year progression-free survival of 50–75% [5–7]. For
patients who subsequently relapse and respond to second-line therapy, high-dose
chemotherapy followed by autologous stem cell transplant offers a potentially curative
option. The Parma Trial demonstrated the superiority of myeloablative over non-
myeloablative dosed chemotherapy for patients with aggressive NHL who were in
chemosensitive relapse, with response rates of 84% versus 44%, but with an event-free
survival at 5 years of only 46% [8]. Highdose chemotherapy followed by autologous stem
cell transplant also has a role, though less clearly defined, in other recurrent B-cell
lymphomas such as folli-cular lymphoma [9–12].

Despite the favorable outcomes for some patients, modifications in stem cell transplant-
based approaches are necessary to further improve outcomes. Anti-B4-blocked ricin (anti-
B4-bR) is a monoclonal antibody directed against the B4 antigen (CD19) present on B cells
linked to the modified toxin blocked ricin, which inhibits protein synthesis [13,14]. Native
ricin, found in castor beans, is a potent protein toxin that consists of two chains. The A-chain
is an N-glycosidase that is responsible for the inhibition of ribosomal function. The B-chain
serves to mediate: (1) binding to galactose-terminated oligosaccharides that are ubiquitous
on the surfaces of eukaryotic cells and (2) translocation of the Achain into the cytoplasm.
The non-specific binding of ricin is blocked by the covalent attachment of glycopeptides to
the galactose binding sites of the Bchain, creating ‘blocked ricin’ [13–15]. Linking the toxin
to an antibody directed against CD19 results in the specific targeting of the blocked ricin to
CD19 positive cells. Once bound by the antibody, CD19 internalizes, mediating cell entry of
the blocked ricin. Thus, anti-B4-bR replaces the loss of ubiquitous cell binding resulting
from ‘blocking’ of the ricin with the specificity of a B-cell specific monoclonal antibody.

While initial in vitro and mouse models demonstrated anti-lymphoma effects of anti-B4-bR
[13,16– 18], the drug failed to demonstrate significant single-agent activity in clinical trials
[19,20]. Data suggested that a large tumor burden resulting in clearance of the immunotoxin
and poor tissue penetration of the antibody represented potential key limitations to the
efficacy of anti-B4-bR. In order to overcome these problems, anti-B4-bR was studied as an
adjuvant after high-dose chemotherapy, when tumor burden would be minimal [21]. In
phase I and II studies, anti-B4-bR demonstrated tolerability and encouraging disease-free
survival when used as intensification after stem cell transplant [21,22]. In order to fully
assess the safety and efficacy of anti-B4-bR, a randomized clinical trial was undertaken by
the Cancer and Leukemia Group B (CALGB) and Eastern Cooperative Oncology Group
(ECOG) in patients with relapsed B-cell NHL undergoing autologous bone marrow
transplant.

Methods
Subjects

Eligible subjects for this study were between 18 and 65 years of age and were undergoing an
autologous stem cell transplant for B-cell NHL that had relapsed after, or was refractory to,
conventional chemotherapy or radiotherapy. All B-cell NHL histologies were eligible. All
tumors demonstrated reactivity with anti-CD19 or anti-CD20 monoclonal antibodies prior to
transplant. Subjects who demonstrated overt histologic bone marrow involvement by
lymphoma at the time of marrow harvest or circulating lymphoma cells at the time of
collection were required to have had their marrow or peripheral blood purged of residual
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tumor cells prior to reinfusion. Purging for subjects without overt marrow or peripheral
blood involvement with lymphoma at harvest was at the discretion of the treating physician.

Each patient signed an institutional review boardapproved, study-specific informed consent
and was registered to the study prior to stem cell transplant. Patients were subsequently
eligible to receive treatment with anti-B4-bR between days 60 and 120 after marrow/stem
cell reinfusion provided they were in a complete remission following the transplant.
Complete remission was documented within 14 days for intermediate and aggressive
lymphomas or 21 days for low-grade lymphomas prior to randomization via unilateral bone
marrow biopsy (bilateral biopsies if marrow previously involved), gallium scan (if
previously positive), and computed tomography (CT) scan. For randomization, subjects also
had to demonstrate: stable engraftment (hematocrit > 25%, platelets > 50 000/µL, absolute
neutrophil count > 500/µL), adequate kidney and liver function, negative human
immunodeficiency virus (HIV) test, and an ECOG performance status of 0–2. Patients were
excluded from receiving treatment with anti-B4-bR if they had a history of hemolytic uremic
syndrome or veno-occlusive disease of the liver.

Randomization was either to observation or treatment with anti-B4-bR. In order to maintain
a balanced randomization, patients were stratified based upon: (1) the institution’s transplant
regimen; (2) disease sensitivity at the time of transplant (sensitive vs. resistant/unknown);
(3) lymphoma grade (low vs. intermediate vs. high); and (4) time after transplant (6–90 days
vs. 91–120 days).

Treatment
Subjects randomized to treatment received anti-B4-bR 30 µg/kg/day as a continuous
intravenous infusion via a central catheter over 7 days on an outpatient basis. Patients were
observed in the outpatient setting for the initial 3 h of the infusion for toxicities and
variations in vital signs. Patients were eligible for a second cycle of treatment provided they
did not develop HAMA (human anti-mouse antibody)/ HARA (human anti-ricin antibody)
responses. The second cycle was to begin on day 15, but could be delayed up to 5 days to
permit resolution of any toxicities that developed during the first infusion. Toxicities were
evaluated utilizing the CALGB Expanded Toxicity Criteria.

Anti-B4-bR
Anti-B4-bR was manufactured and supplied by ImmunoGen, Inc. (Cambridge, MA) as
previously described [13–15]. Anti-B4 is an immunoglobulin G1 (IgG1) murine monoclonal
antibody produced using in vitro culture techniques, and is covalently linked to blocked
ricin. Anti-B4-bR was administered intravenously at a concentration of 100 µg/mL in
phosphate buffered saline using human serum albumin as a carrier.

Pharmacologic monitoring
Blood samples were obtained for determination of serum levels of anti-B4-bR immediately
prior to initiation of the infusion, at day 4 ± 24 h, and on day 7 prior to discontinuation of
the infusion. Repeat assessments were obtained at the same time points during the second
cycle. Anti-B4-bR concentrations were performed by ImmunoGen, Inc. by enzyme-linked
immunosorbent assay (ELISA) methods as described previously [23].

HAMA/HARA detection
Blood samples were assessed for the development of HAMA/HARA by ImmunoGen, Inc.,
utilizing standard ELISA techniques as previously described [15]. HAMA was considered
positive if the value was > 0.468 µg/mL. HARA was considered positive if the value was >
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20% above the pretreatment value. Samples were assessed prior to treatment with anti-B4-
bR, on day 7, and on day 10–13 of course 1, and on days 0, 7, and 28 of course 2.

Response assessments
Responses were assessed starting 28 days after completion of treatment with anti-B4-bR, or
40–50 days after randomization for those on the observation arm, utilizing physical
examination, blood work, chest X-ray, and CT scans. Subsequently, responses were assessed
every 6 months by physical examination, chest X-ray, blood work, and abdominal/pelvic CT
scanning. Chest CT or magnetic resonance imaging (MRI) was to be performed if the chest
X-ray demonstrated adenopathy or if there was a history of adenopathy on chest X-ray.

Complete response (CR) required the disappearance of all signs and symptoms of
measurable or evaluable disease by physical examination and laboratory and imaging studies
persisting for more than 4 weeks, without the development of any new lesions. Complete
response with residual abnormality was defined as a subject meeting all of the criteria for
CR, but having a persistent mass that regressed by more than 50% following therapy and
then stabilized with no further change over at least 2 additional months. If the mass
demonstrated gallium avidity prior to treatment, it must be gallium negative on repeat
imaging. Partial response was defined as a reduction greater than 50% in the sum of the
products of the perpendicular diameters of all measurable lesions lasting more than 4 weeks,
and the disappearance of any constitutional symptoms. Stable disease was defined as a less
than 50% reduction and a less than 25% increase in the sum of the products of the
perpendicular diameters of all measurable lesions, as well as the absence of any new lesions.
Progressive disease was defined by an increase in the product of the perpendicular diameters
of any lesion by greater than 25% or the appearance of any new lesion.

The primary end-point for this study is event-free survival. Event-free survival was defined
as the time from randomization to recurrence of disease or treatment-related death.
Recurrent disease was defined as the appearance on CT scan, gallium scan, or bone marrow
biopsy of evidence of non-Hodgkin lymphoma. Survival represents the time from
randomization to death.

Statistics
The study sample size was calculated based upon the primary end-point of the randomized
portion of the study, event-free survival. Event-free survival at 2 years was estimated as
30% for the observation arm. Using a two-sided α = 0.05 level test with approximately 89%
power, the sample size required to be randomized in order to detect a 70% increase in
median event-free survival (from 30 to 49%) was 232 patients. Based upon the expectation
that 60% of patients would be eligible for randomization, 388 patients were planned to be
registered to the study. Survival curves were calculated according to the Kaplan–Meier
method [24] and compared using two-sided log-rank test [25]. Formal interim analyses were
planned to be performed after approximately 50%, 75%, and 100% of the expected study
events (defined as recurrence or death) occurred in the pooled sample. The study was
monitored at least twice annually by the CALGB Data Safety and Monitoring Board.

Patient registration and data collection were managed by the CALGB Statistical Center.
Data quality was ensured by careful review of data by CALGB Statistical Center staff and
by the study chairperson. Statistical analyses were performed by CALGB statisticians.

Auditing
As part of the quality assurance program of the CALGB, members of the Audit Committee
visit all participating institutions at least once every 3 years to review source documents.
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The auditors verify compliance with federal regulations and protocol requirements,
including those pertaining to eligibility, treatment, adverse events, tumor response, and
outcome in a sample of protocols at each institution. Such on-site review of medical records
was performed for a subgroup of 56 (11%) of the 511 patients under this study.

Results
Enrollment and treatment

Between April 1993 and March 1997, 511 patients were registered onto the study, with 157
(30.7%) patients undergoing randomization (Figure 1 shows a Consolidated Standards of
Reporting Trials [CON-SORT] flow chart depicting the outcomes of participants entered
onto the study). The CALGB Data and Safety Monitoring Board recommended closure of
the study after a planned interim analysis suggested it was highly unlikely that anti-B4-bR
would be able to demonstrate any statistically significant benefit.

Characteristics of the patients enrolled onto the study are shown in Table I. The median
patient age was 49 years, with 56.1% of patients having intermediate or high grade
lymphoma by the International Working Formulation. Stage III or IV disease was noted in
72.7% of patients at relapse, and 91.7% of patients were chemotherapy-sensitive at the time
of transplant. As stated, only 30.7% of the patients registered were randomized, compared to
the 60% anticipated in the statistical design. There were no significant differences in
characteristics between patients who were randomized and those who were not randomized
except for histologic grade (data not shown). Patients with low-grade lymphomas were more
likely to not be randomized compared with other histologies. The most common reasons for
not being randomized to study treatment are listed in Figure 1

Of the 157 patients who underwent randomization, 82 were randomized to treatment with
anti-B4-bR and 75 to observation. Of the 82 patients randomized to receive treatment with
anti-B4-bR, only 52 (63.4%) completed all treatment. Table II lists the reasons for treatment
discontinuation. The two most common reasons for not being able to complete anti-B4-bR
treatment were adverse events and catheter problems (12% each). All patients were analyzed
according to the treatment to which they were randomized, regardless of whether they
received the treatment.

Adverse events
One hundred fifty-four patients were assessable for adverse events (AEs) (81 patients on
anti-B4-bR and 73 patients on observation). The rates of higher grade hematologic, non-
hematologic, and overall AEs were significantly greater in the anti-B4-bR arm compared
with observation (p < 0.001) (Figure 2). Grade 3 or greater toxicities that were more likely
to occur with anti-B4-bR treatment compared with observation were lymphopenia, phlebitis/
thrombosis, peripheral edema, and malaise/fatigue. It is certainly possible that AEs were
more likely to be reported for patients on the anti-B4-bR arm than for those patients on the
observation arm, as this was not a blinded study. However, many of the AEs are those
characteristically seen with the infusion of biological agents.

Event-free and overall survival
With a median follow-up time of 5.8 years (range 2.9–9.1 years), the median event-free
survival is 2.1 for patients treated with anti-B4-bR versus 2.9 years for observation (p =
0.275) (Figure 3). The 2-year event-free survival was 52% for treatment with anti-B4-bR
versus 57% for observation.
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The median overall survival is 6.1 years for patients treated with anti-B4-bR versus not
reached for observation (p = 0.063) (Figure 4). The 2-year overall survival is 78% for
treatment with anti-B4-bR versus 88% for observation. While neither observation reached
statistical significance, there was a trend toward decreased event-free survival and overall
survival in patients treated with anti-B4-bR.

Pharmacokinetics
The serum pharmacokinetics data for anti-B4-bR are shown in Table III. The mean value on
day 4 of cycle 1 was 159 ng/mL and rose to 181 ng/mL by day 7. The mean difference in
serum levels between day 4 and day 7 of cycle 1 for patients with samples available at both
time points was 15 ng/mL, which was not statistically significant using the paired t-test, p =
0.219. During cycle 2, the mean serum levels of anti-B4-bR on days 0, 4, and 7 were 0, 118,
and 105 ng/mL, respectively. The mean difference between day 4 and day 7 of cycle 2 was
−16 ng/mL, which was statistically significant, p = 0.043. For the 36 patients with days 4
and 7 measurements from both cycles, the average course 1 mean value was 180 ng/ mL and
the average course 2 mean value was 115 ng/ mL. The mean difference between the average
course 1 and course 2 values was −64 ng/mL, which was statistically significant, p < 0.0001.

HAMA/HARA
Although these patients were heavily immunosuppressed as a result of their lymphoma and
prior therapies, antibody responses to the anti-B4-bR immunotoxin occurred in significant
numbers of patients (Table IV). At baseline, five patients had detectable HAMA titers and
none had HARA titers. While it is not possible to determine whether these positive HAMA
titers resulted in more toxicity, none of the patients that were HAMA positive at baseline
discontinued treatment due to adverse events. During the first cycle of anti-B4-bR treatment,
two patients became HARA positive, and therefore did not receive a second cycle of
treatment with anti-B4-bR.

Fifty-six patients continued onto course 2 of anti-B4-bR treatment. Only one patient, who
was HAMA positive prior to course 1, was HAMA positive at the beginning of course 2 of
treatment. By day 7 of cycle 2, significant numbers of patients converted to being HAMA
(6; 12%) and/or HARA positive (19; 37%). The six subjects who were HAMA positive were
also HARA positive. By day 28 of cycle 2, 14 (27%) patients were HAMA positive and 37
(71%) were HARA positive. Once again, all of the patients who were HAMA positive were
HARA positive as well.

Discussion
New therapeutic modalities are necessary to eliminate chemotherapy-resistant lymphoma
cells. Potent toxins, such as ricin, may potentially provide a means for killing lymphoma
cells via pathways that remain operative in chemotherapy-resistant lymphoma cells. Anti-
B4-bR has demonstrated considerable activity in vitro in multidrug-resistant lymphoma
models [17,18]. Several problems potentially leading to the ineffectiveness of
immunotherapy seen in earlier studies of anti-B4-bR include: achieving inadequate serum
levels due to insufficient dosing or rapid clearance of the immunotherapy, large tumor
burdens, or poor penetration into tissues. In this study utilizing high-dose chemotherapy and
autologous stem cell transplant to help overcome some of these issues, anti-B4-bR was still
unable to demonstrate any benefit.

More than half of the patients registered onto the study were not randomized, most
commonly due to refusal or transplant failure (inadequate engraftment, relapse, did not
achieve CR). The large number of patients not randomized would be unlikely to impact
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upon the results of the study. It is plausible that many of the patients who refused
randomization did not want to go through additional therapy after enduring a transplant.
Regarding the patients qualified as transplant failures, the design of the study, only
randomizing patients in CR, was done to help maximize the possibility of seeing a benefit
with the anti-B4-bR by ensuring a minimal amount of disease present at the time of
transplant.

In vitro studies utilizing Namalwa cells predict that serum levels > 0.5 nM are sufficient to
kill up to 3-log of cells after 24 h of exposure, and lower serum concentrations were able to
achieve the same amount of cell killing with longer duration of exposure [15,23]. A previous
phase I study in patients with relapsed B-cell lymphoma demonstrated that all patients
treated with doses of 40 µg/kg/day or above as a 7-day continuous IV infusion achieved
levels of anti-B4-bR greater than 1 nM [23]. When studied as an adjuvant to autologous
bone marrow transplant, the maximum tolerated dose was found to be 40 µg/ kg/day for 7
days [21]. In order to improve the tolerability and to enable the administration of a second
cycle of therapy prior to the development of HAMA/HARA responses, the treatment dose in
our study was lowered to 30 µg/kg/day over 7 days and repeated 14 days later. A phase II
study of this dosing regimen demonstrated that anti-B4-bR serum levels of 0.77 ± 0.41 nM
were achieved on day 7 of course 1 [22]. The mean serum concentration of anti-B4-bR
achieved in our study was 181 ng/mL (0.86 nM) after course 1 and 105 ng/mL (0.5 nM)
after course 2. Based upon the in vitro data using Namalwa cells, a Burkitt lymphoma cell
line, these levels would be predicted to be sufficient for therapeutic effect, but minimally. It
is certainly possible that a Burkitt lymphoma cell line would be more sensitive to anti-B4-
bR than lymphoma cells in vivo, and therefore underestimates the serum levels necessary for
a therapeutic effect, leaving our levels sub-therapeutic.

A second possible reason for the lack of efficacy of anti-B4-bR was the development of
neutralizing HAMA/HARA responses. In a study of indolent lymphoma patients, a median
of only two cycles of anti-B4-bR was able to be administered out of a planned six, most
often due to HAMA/HARA responses, which occurred in 27 of the 35 patients [26]. In the
phase I study of anti-B4-bR as an adjuvant to myeloablative therapy, HAMA/HARA
formation occurred in seven of 12 patients between days 14 and 38 [21].

In order to reduce an impact of HAMA/HARA formation on efficacy in our study, the
second infusion of anti-B4-bR was moved to 14 days after the first. Only two patients
(2.4%) were unable to receive the second cycle of therapy due to HAMA/ HARA.
Significant rates of HAMA/HARA responses were still seen in our study, 27% and 71%,
respectively, but not until completion of the second course. Additionally, while the
development of these antibodies might neutralize subsequent cycles of treatment, they
should not interfere with the efficacy of the initial cycle of immunotoxin. However, they
might be responsible for the increased rate of clearance for the second cycle, resulting in the
lower serum levels of anti-B4-bR seen in cycle 2. The ability of these patients, who were
immunosuppressed from their lymphoma, the transplant, and the use of an agent (anti-B4-
bR) that would deplete any residual normal B cells, to develop an antibody response
suggests that perhaps the anti-B4-bR was having only a minimal impact.

For comparison, in the pivotal study of the immunotoxin denileukin diftitox in patients with
relapsed cutaneous T-cell lymphoma, 19 out of 60 patients (32%) possessed neutralizing
antibodies to denileukin diftitox at baseline, likely due to prior exposure to diphtheria toxin.
After two cycles of denileukin diftitox, 59 out of 60 patients (98%) demonstrated
neutralizing antibodies to denileukin diftitox. Importantly, the presence of neutralizing
antibodies at baseline, their development, or the titer developed did not impair response
[27]. For BL22 and LMB-2, two immunotoxins currently undergoing clinical trials for

Furman et al. Page 7

Leuk Lymphoma. Author manuscript; available in PMC 2013 June 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



relapsed and refractory lymphomas, the presence of neutralizing antibodies has been
reported in 4/16 (25%) and 13/35 (37%) of patients, respectively [28,29]. While these
studies differ in tumor types and prior therapies, they do demonstrate and help support that
the neutralizing antibodies are unlikely to explain the lack of efficacy for anti-B4-bR.

Earlier studies suggested poor tissue penetration as a possible explanation for the lack of
effectiveness of anti-B4-bR [19,20]. Multani et al., using a daily bolus regimen of 50 µg/kg/
day of anti-B4-bR, were able to achieve high serum levels of 2.7 ± 1.3 nM and detect
immunotoxin in three out of three bone marrow biopsy specimens, but could only detect
immunotoxin in two of seven lymph node specimens by immunohistochemistry [19]. This
issue was avoided in our study by requiring patients to be in a complete response prior to
being randomized.

Several other factors to explain a lack of efficacy include a lack of uptake of immunotoxin
by the lymphoma cells or an inability for the ricin to be released into the cytoplasm and
inhibit ribosomal function. As the trial utilized patients in complete response, obtaining
tissue samples for analysis after treatment was not possible. Given earlier published reports
of single agent activity of anti-B4-bR in patients with lymphomas, it is unlikely that one of
these factors was likely to explain the lack of efficacy.

Finally, only 63% of patients were able to receive the two full courses of treatment. Of the
patients unable to complete therapy, two-thirds were unable due to adverse events or
catheter problems. While it is not possible to know whether this number of patients is
sufficiently large to have had an impact upon the results of the study, it is only appropriate
to analyze the data on an intent-to-treat basis. Should methods be identified that enable anti-
B4-bR to be better tolerated or infused, reassessment of the efficacy of anti-B4-bR might be
worthwhile.

In conclusion, anti-B4-bR is ineffective as a treatment for lymphomas when used at a dose
of 30 µg/kg/day over 7 days as an adjuvant to myeloablative chemotherapy. The rationale
and pre-clinical evidence for anti-B4-bR suggest that the immunotoxin could potentially be
an effective clinical tool. While anti-B4-bR demonstrated no efficacy in this clinical study, it
might provide further insights to shape any further trials involving anti-B4-bR. However, the
future use of anti-B4-bR is uncertain given the more favorable activity and toxicity profiles
of several agents that have been approved since this study was performed, including
rituximab and radioimmunotherapy.
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Figure 1.
CONSORT flow diagram depicting outcomes of patients enrolled onto study.
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Figure 2.
Adverse events. Maximum hematologic toxicity as determined by Cochran–Armitage test
for trend over all levels of toxicity for patients treated with anti-B4-bR versus observation.
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Figure 3.
Kaplan–Meier curves for event-free survival.
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Figure 4.
Kaplan–Meier curves for overall survival.
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Table II

Reasons for discontinuation of treatment.

Reason treatment terminated No. of patients %

Completed treatment 52 63.4%

Adverse event 10 12.2%

Catheter problems 10 12.2%

Patient withdrawal 6 7.3%

HAMA/HARA positive 2 2.4%

Disease progression 1 1.2%

Study closure 1 1.2%

HAMA/HARA, human anti-mouse antibody/human anti-ricin antibody.
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