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Safety and Efficacy of Atacicept in Combination
With Rituximab for Reducing the Signs and Symptoms

of Rheumatoid Arthritis

A Phase II, Randomized, Double-Blind, Placebo-Controlled Pilot Trial

R. F. van Vollenhoven,1 S. Wax,2 Y. Li,2 and P. P. Tak3

Objective. To explore the safety and tolerability
of atacicept in combination with rituximab in patients
with active rheumatoid arthritis (RA) receiving rituxi-
mab re-treatment.

Methods. In this randomized, double-blind, placebo-
controlled pilot trial, 2 infusions (1,000 mg per infusion) of
intravenous rituximab, given 2 weeks apart, were followed by
once-weekly subcutaneous injections of 150 mg atacicept or
placebo for 25 weeks. Primary end points were the nature,
incidence, and severity of adverse events (AEs). Secondary
end points were the effects on peripheral blood B cells, dis-
ease activity biomarkers, and American College of Rheuma-
tology 20% (ACR20), 50% (ACR50), and 70% (ACR70)
response rates.

Results. Eighteen patients were randomized to
receive atacicept and 9 to receive placebo. AEs occurred in
17 atacicept-treated patients (94.4%) and in all 9 placebo-
treated patients (100%). There were no infection-related
serious adverse events. Hypersensitivity and injection site
reactions were more common, and more patients withdrew
due to AEs, in the atacicept group. Median reductions in
Ig levels from baseline to week 32 were greater with ataci-
cept (median change in IgG 231.2%, IgM 260.9%, and
IgA 256.4%) than with placebo (median change in IgG
24.4%, IgM 215.9%, and IgA 28.2%). Peripheral B cell
numbers remained low in all patients after rituximab-
mediated B cell depletion, limiting comparison of time to
recovery between treatment groups. There were no
between-group differences in ACR20, ACR50, and ACR70
response rates.

Conclusion. In this exploratory trial, atacicept in
combination with rituximab showed no new safety
issues. Peripheral B cell counts remained too low to
determine whether atacicept delayed B cell re-expansion
following rituximab-mediated depletion. Despite clear
biologic effects, adding atacicept to rituximab in
patients with active RA was not associated with clinical
benefit.

Use of the B cell–depleting agent rituximab
results in clinical improvements in disease activity in
patients with rheumatoid arthritis (RA) (1–3), providing
proof-of-concept for the importance of B cells in the
pathogenesis of this chronic inflammatory autoimmune
disorder (4). B cells act as antigen-presenting cells, se-
crete proinflammatory cytokines, and produce autoanti-
bodies in RA (4). In spite of the efficacy of rituximab in
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RA, not all patients respond (5,6). Lack of response is
associated with persistence of B-lineage cells, in particu-
lar plasma cells, at the site of inflammation, the syno-
vium (7).

The persistence of B-lineage cells in the synovial
tissue may be associated with increased levels of the B
cell maturation/survival factors B lymphocyte stimulator
(BLyS) and APRIL (a proliferation-inducing ligand)
(8–10). Importantly, serum BLyS levels rise sharply fol-
lowing B cell depletion by rituximab, returning to nor-
mal only after B cells recover to baseline levels (11).
This supports the hypothesis that the beneficial effects
of rituximab may be limited by the survival or re-
expansion of autoreactive B-lineage cells supported by
BLyS. It has previously been suggested that interfering
with APRIL and BLyS may help to optimize the clinical
response to rituximab treatment in RA (7). This could
be achieved by treatment with atacicept, which is a solu-
ble, fully human recombinant fusion protein that neu-
tralizes the activity of BLyS and APRIL (12,13).

In clinical trials featuring combinations of other
biologic agents, an increased risk of infections has been
observed (14,15). The present study, the Atacicept for
Reduction of Signs and Symptoms in Rheumatoid Arth-
ritis Trial III (AUGUST III), was an exploratory study
with the primary objective of assessing the safety and
tolerability of atacicept in patients with active RA re-
ceiving rituximab re-treatment. Secondary objectives
focused on evaluating the effects of combination treat-
ment with atacicept and rituximab on the proportions of
peripheral B cell populations, levels of biomarkers re-
flecting disease activity and drug-related mechanisms of
action, and measures of efficacy.

PATIENTS AND METHODS

Study design. In this multicenter, phase II, random-
ized, double-blind, placebo-controlled pilot trial (AUGUST
III), we assessed the safety and tolerability of atacicept in com-
bination with rituximab re-treatment in patients with moderate
or severe RA. The study comprised a 7-week rituximab treat-
ment period, a 25-week atacicept/placebo treatment period,
and a 32-week posttreatment followup period. In the rituximab
period, all patients received two 1000-mg doses of rituximab by
intravenous infusion, 2 weeks apart (weeks 1 and 3). At week 7
(after 28 days without treatment), patients were randomized
2:1 to receive subcutaneous atacicept at a dose of 150 mg or
placebo, once weekly for 25 weeks. Randomization was strati-
fied by rheumatoid factor (RF) status (positive or negative)
and country, and an interactive voice response system was
used to allocate treatment kit numbers.

This study was approved by the Institutional Review
Boards and independent Ethics Committees at the participating
institutions, and conducted in accordance with the Declaration
of Helsinki, the International Conference on Harmonisation

guidelines, and any local requirements. All patients provided
written informed consent.

Study population. The study population consisted of
male and female patients ages $18 years who had been diag-
nosed as having RA according to the American College of
Rheumatology (ACR) 1987 revised criteria (16), had a disease
duration of $12 months, had previously responded to treat-
ment with rituximab, and had residual disease activity. The
patients were recruited from multiple European sites and were
treated on an outpatient basis. Patients had to have a Disease
Activity Score in 28 joints (DAS28) of .3.2 (17), with a docu-
mented response to, and good tolerance of, previous rituximab
treatment. They also were required to have significant residual
disease (DAS28 .3.2) or clinical deterioration (an increase of
$0.6 in the DAS28) after such treatment.

Patients were not eligible for inclusion if they had an
inflammatory joint disease other than RA, had displayed any
contraindication to rituximab, had received disease-modifying
antirheumatic drug therapy for ,3 months or changed their
regimen within 28 days of study day 1, had received either
methotrexate at a dosage of .25 mg/week, an anti–tumor
necrosis factor agent (anakinra or tocilizumab) within 12 weeks
of study day 1, or abatacept or another cell-depleting therapy
within 24 weeks of study day 1, or had received prednisone at a
dosage of .10 mg/day or changed their steroid dosage within
28 days of day 1. One intraarticular steroid injection during
each of the screening and treatment periods was permitted.

Study end points. Primary safety end points included
the following: the nature, incidence, and severity of adverse
events (AEs), particularly infection-related AEs; the propor-
tion of patients with an IgG level of ,3 gm/liter; changes over
time and abnormalities in vital signs and routine safety labora-
tory parameters; and changes over time in immunization status
(titers of antibodies against tetanus toxoid, pneumococcus,
and diphtheria toxin).

Secondary end points included the following: changes
over time in the proportion of peripheral B cell populations;
changes over time in markers of disease activity, consisting of
concentrations of C-reactive protein (CRP), the erythrocyte
sedimentation rate (ESR), and RF status, together with other
ACR core set measures and the severity of morning stiffness,
all comprising variables that enabled calculation of the ACR
20% [ACR20], ACR50, and ACR70 composite scores of im-
provement response [18]); and changes over time in the levels
of IgG, IgM, and IgA. To preserve blinding, all joint evalua-
tions were performed by independent efficacy assessors.

Statistical analysis. As this was an exploratory pilot
study, sample size was not based on formal calculations of statis-
tical power. Data were summarized using descriptive statistics.
The safety analysis was performed in the safety population,
which included all patients who had received at least one dose
of atacicept or placebo and for whom followup safety data were
available. The intent-to-treat (ITT) population was identical to
the safety population.

RESULTS

Patient characteristics. This study was con-
ducted between March 25, 2008 and January 26, 2011.
Twenty-eight patients were enrolled and treated with ri-
tuximab. Of these patients, 27 were randomized to
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receive atacicept (n 5 18) or placebo (n 5 9) and were
included in the safety and ITT analyses (Figure 1). Patient
demographics and disposition were similar between the
groups, except that there were more women in the ataci-
cept group (Table 1).

Among the randomized patients, 4 (22.2%) in
the atacicept group and 5 (55.6%) in the placebo group
were re-treated with rituximab during the posttreatment
followup period, at the discretion of the treating physi-
cian. This imbalanced randomization posed a risk to the
trial and to the identification of causality of AEs.

Primary end points. Safety. Atacicept/placebo
treatment period. The majority of AEs were reported
during the 25-week atacicept/placebo treatment period,
during which 295 AEs were reported by 26 (96.3%) of
the 27 randomized patients (Table 2). The AEs were
mostly mild or moderate in intensity and occurred with

similar frequency across both treatment groups (17
patients [94.4%] in the atacicept group and 9 patients
[100%] in the placebo group). Three patients experi-
enced a total of 4 serious AEs (SAEs) during the ataci-
cept/placebo treatment period: 2 in the placebo group
(transient ischemic attack [TIA], ruptured cerebral aneu-
rysm) and 1 in the atacicept group (drug hypersensitivity
and TIA).

AEs leading to discontinuation were more fre-
quent in the atacicept group than in the placebo group:
4 patients (22.2%) in the atacicept group (2 patients
with a drug/type I hypersensitivity reaction, 1 patient
with diarrhea and gastritis, and 1 patient with pruritus),
and 1 patient (11.1%) in the placebo group (ruptured
cerebral aneurysm).

Fewer infections occurred in the atacicept group (8
patients [44.4%] experienced 11 events) compared to the
placebo group (6 patients [66.7%] experienced 10 events),
and generally these represented commonly encountered
infections: upper respiratory tract infection, influenza, na-
sopharyngitis, conjunctivitis, rhinitis, hordeolum, and uri-
nary tract infection. There were no infection-related SAEs
during the treatment period.

Local injection-site reactions were more frequent
in atacicept-treated patients (11 [61.1%]) than in placebo-
treated patients (2 [22.2%]). These reactions were consis-
tent with those observed in previous studies of patients
treated with atacicept (19) and comprised mild-to-
moderate erythema, itching, and swelling.

Hypersensitivity reactions were more frequent in
atacicept-treated patients (9 [50.0%]) than in placebo-
treated patients (2 [22.2%]), and led to withdrawal in 2
atacicept-treated patients. Six of the atacicept-treated
patients with hypersensitivity-related events had skin
and subcutaneous tissue disorders (including pruritus),

Figure 1. Disposition of the study patients treated with two 1,000-mg
infusions of rituximab given 2 weeks apart, followed by 150 mg ataci-
cept or placebo given once weekly for 25 weeks. AE 5 adverse event;
FU 5 followup; ITT 5 intent-to-treat.

Table 1. Baseline demographic and clinical characteristics of the study patients*

Rituximab then
atacicept
(n 5 18)

Rituximab then
placebo
(n 5 9)

Overall
(n 5 27)

Age, years 57.0 6 11.0 57.7 6 11.5 57.2 6 11.0
Female, no. (%) 12 (66.7) 8 (88.9) 20 (74.1)
Weight, kg 76.5 6 15.0 74.9 6 17.1 76.0 6 15.4
Disease duration, years 12.3 6 5.6 13.0 6 5.8 12.6 6 5.5
RF positive, no. (%) 17 (94.4) 8 (88.9) 25 (92.6)
Oral corticosteroid use, no. (%) 13 (72.2) 6 (66.7) 19 (70.4)
Methotrexate use, no. (%) 12 (66.7) 7 (77.8) 19 (70.4)
CRP, mg/liter 28.9 6 35.2 36.2 6 36.8 31.3 6 35.2
ESR, mm/hour 34.4 6 22.8 42.1 6 23.1 37.0 6 22.8
DAS28-CRP 5.5 6 1.0 5.8 6 1.0 5.6 6 1.0

* Except where indicated otherwise, values are the mean 6 SD. RF 5 rheumatoid factor;
ESR 5 erythrocyte sedimentation rate; DAS28-CRP 5 Disease Activity Score in 28 joints based on the
C-reactive protein (CRP) level.
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4 (22.2%) had immune system disorders (including drug
hypersensitivity and type I hypersensitivity), and 2
(11.1%) had respiratory disorders (cough and dyspnea).

Followup period. Six patients in the atacicept
group experienced a total of 12 SAEs during the non-
treatment followup period, distributed as follows: 1
patient with atrial fibrillation, 1 patient with cardiac
arrest and ventricular fibrillation, 1 patient with pelvic
fracture, joint capsule rupture, and arthropathy, 1
patient with visual impairment and muscular weakness,
1 patient with gastroenteritis, and 1 patient with demye-
lination, glioma, and nervous system disorder. This lat-
ter SAE occurred in a 30-year-old female patient who
had no history of demyelinating disease. This patient
experienced a suspected focal glioma or focal demyelin-
ation in the cerebellum, with symptoms beginning ;3
months after atacicept treatment, which led to hospitali-
zation. Magnetic resonance imaging (MRI) revealed a
stable, nonprogressing lesion in the right cerebellum
and medically significant multifocal changes of vascular

origin in the white matter of both hemispheres. Symptoms
did not progress over 6 months of followup. As of January
3, 2014, the investigator confirmed that this patient was
still under his supervision, and no new neurologic signs
and symptoms were present. The patient was doing well
under a treatment regimen of biologic agents. With the
exception of this patient, SAEs resolved in all other
patients. No trends in the nature of the SAEs reported
were observed in patients treated with atacicept.

Immunologic status. A reduction in IgG levels to
,3 gm/liter was not observed in any patients, and there
were no notable changes in clinical or laboratory para-
meters in any patients throughout the study treatment
period. The median antibody titers at week 32 were
reduced from baseline in the atacicept-treated patients
but not in the placebo-treated patients, with median
changes from baseline in the atacicept group versus the
placebo group as follows: for anti–tetanus toxoid,
218.0% (interquartile range [IQR] 234.29, 0.00) versus
0.0% (IQR 27.67, 23.68); for anti–diphtheria toxin,

Table 2. Incidence of SAEs and AEs during the 25-week atacicept/placebo treatment period (safety population)*

Type of event, system
Rituximab then atacicept Rituximab then placebo Overall

organ class preferred term Patients Events Patients Events Patients Events

SAEs
All 1/18 (5.6) 2/2 (100.0) 2/9 (22.2) 2/2 (100.0) 3/27 (11.1) 4/4 (100.0)
Nervous system disorders

Transient ischemic attack
1/18 (5.6) 1/2 (50.0) 1/9 (11.1) 1/2 (50.0) 2/27 (7.4) 2/4 (50.0)

Ruptured cerebral aneurysm 1/9 (11.1) 1/2 (50.0) 1/27 (3.7) 1/4 (25.0)
Immune system disorders,

drug hypersensitivity
1/18 (5.6) 1/2 (50.0) 0 0 1/27 (3.7) 1/4 (25.0)

AEs
All 17/18 (94.4) 241/241 (100.0) 9/9 (100.0) 54/54 (100.0) 26/27 (96.3) 295/295 (100.0)
General disorders and

administration site conditions
13/18 (72.2) 156/241 (64.7) 4/9 (44.4) 20/54 (37.0) 17/27 (63.0) 176/295 (59.7)

Infections and infestations 8/18 (44.4) 11/241 (4.6) 6/9 (66.7) 10/54 (18.5) 14/27 (51.9) 21/295 (7.1)
Musculoskeletal and

connective tissue disorders
6/18 (33.3) 6/241 (2.5) 5/9 (55.6) 5/54 (9.3) 11/27 (40.7) 11/295 (3.7)

Skin and subcutaneous
tissue disorders

8/18 (44.4) 16/241 (6.6) 2/9 (22.2) 2/54 (3.7) 10/27 (37.0) 18/295 (6.1)

Gastrointestinal disorders 5/18 (27.8) 10/241 (4.1) 3/9 (33.3) 3/54 (5.6) 8/27 (29.6) 13/295 (4.4)
Nervous system disorders 3/18 (16.7) 8/241 (3.3) 4/9 (44.4) 8/54 (14.8) 7/27 (25.9) 16/295 (5.4)
Respiratory, thoracic, and

mediastinal disorders
3/18 (16.7) 22/241 (9.1) 3/9 (33.3) 3/54 (5.6) 6/27 (22.2) 25/295 (8.5)

Immune system disorders 4/18 (22.2) 4/241 (1.7) 0 0 4/27 (14.8) 4/295 (1.4)
Eye disorders 3/18 (16.7) 3/241 (1.2) 0 0 3/27 (11.1) 3/295 (1.0)
Injury, poisoning, and

procedural complications
2/18 (11.1) 3/241 (1.2) 0 0 2/27 (7.4) 3/295 (1.0)

Vascular disorders 1/18 (5.6) 1/241 (0.4) 1 (11.1) 1 (1.9) 2 (7.4) 2/295 (0.7)
Cardiac disorders 1/18 (5.6) 1/241 (0.4) 1 (3.7) 1/295 (0.3)
Investigations† 0 0 1 (11.1) 1 (1.9) 1 (3.7) 1/295 (0.3)
Reproductive system and

breast disorders
0 0 1 (11.1) 1 (1.9) 1 (3.7) 1/295 (0.3)

* Serious adverse events (SAEs) and AEs were evaluated in the safety population (comprising patients who were randomized and received at
least one study treatment dose and for whom safety data were available; n 5 27). The atacicept period ranged from the date of the first ataci-
cept/placebo dose to the date of the last atacicept/placebo dose plus 7 days. AEs were coded using MedDRA version 13.0. Values are the num-
ber/total number (percentage) of patients or events.
† Defined as laboratory abnormalities.
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233.7% (IQR 250.00, 0.00) versus 8.4% (IQR 0.00,
0.00); and for antipneumococcus, 218.5% (IQR 235.18,
0.00) versus 0.0% (IQR 0.39, 33.93). These values
returned to close to baseline levels by week 16 of the fol-
lowup period. There were few shifts to below-protective
antibody titers, and there were no between-group differ-
ences with respect to the frequency of shifts.

Secondary end points. Figure 2 shows the medi-
an percentage change in the levels of total, mature, and

memory B cells over time. Following treatment with rit-
uximab, the median levels of total, mature, and memory
B cells were reduced to 0 (total B cells, median 0 [range
0–2.0 cells/mm3]; mature B cells, median 0 [range 0–0
cells/mm3]; and memory B cells, median 0 [range 0–1.0
cells/mm3]), and little recovery of B cells was observed in
either treatment group. Mature B cell recovery at week
64 was ,10% in the placebo group and ;50% in the ata-
cicept group. There were no notable differences in the
proportions of T cells between treatment groups; median
total T cell levels at week 32 in the atacicept and placebo
treatment groups were 1,051/mm3 and 1,124/mm3, re-
spectively, whereas the median levels of T helper cells
were 769.5/mm3 and 744/mm3, respectively.

Combination treatment with atacicept was not
associated with a greater decrease in the CRP level
compared to re-treatment with rituximab alone. Reduc-
tions from baseline in the median ESR were numerically
greater with atacicept compared to placebo from week
12 onward, with the greatest difference observed at
week 32 (see Supplementary Table 1, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.39262/abstract). The greatest
reductions in the median levels of IgG-RF, IgM-RF and
IgA-RF were observed at week 32, and these reductions
were all numerically greater with atacicept (see Supple-
mentary Table 2, available on the Arthritis & Rheumatology
web site at http://onlinelibrary.wiley.com/doi/10.1002/art.
39262/abstract).

Treatment with atacicept was associated with
greater median reductions from baseline to week 32 in
the levels of IgG, IgM, and IgA (median change from
baseline 231.2% [IQR 249.6, 224.1], 260.9% [IQR
271.88, 254.43]), and 256.4% [IQR 266.84, 245.49],
respectively) compared to placebo (median change from
baseline 24.4% [IQR 210.17, 21.32], 215.9% [IQR
222.92, 27.82], and 28.2% [IQR 219.69, 22.02], res-
pectively) (Figure 3). Median IgG and IgM levels were
below the lower limits of normal in the atacicept group
from week 20 to week 32. The median IgG levels recov-
ered after cessation of treatment, to reach levels that
were 10.9% lower than those at baseline by followup at
week 64. However, the median IgM levels had not recov-
ered in all patients by the end of the followup period.

Clinical efficacy. There were no noteworthy
between-group differences in clinical response to treat-
ment over time, as defined by the ACR20, ACR50, and
ACR70 improvement response criteria based on the
CRP level (Figure 4). The mean DAS28 (based on the
CRP level or ESR) remained below the values observed
at baseline from week 7 onward in both treatment
groups (data not shown).

Figure 2. Change in the levels of total, mature, and memory B cells
over time in patients treated with two 1,000-mg infusions of rituxi-
mab given 2 weeks apart, followed by 150 mg atacicept or placebo
given once weekly for 25 weeks. Values are the percentage change
from baseline, expressed as the median with interquartile range. The
horizontal broken line indicates baseline.
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DISCUSSION

In this phase II pilot study of atacicept in combi-
nation with rituximab re-treatment in patients with
moderate to severe RA, the safety profile of atacicept
was consistent with previous experience, and no new
safety trends were observed (15,20). AEs were common
(driven mainly by injection-site reactions and infec-
tions), were mostly mild or moderate, and occurred with
a similar frequency in both the active treatment and pla-
cebo groups.

SAEs occurred in 8 patients during the study: 2
in the treatment period, 1 during the treatment and fol-
lowup periods, and 5 during followup. The SAEs that
occurred during followup were observed in patients who
had received atacicept. There were, however, no notable
trends in the types of SAEs that emerged, and all except
one (focal demyelination/glioma) resolved. This patient
developed a focal demyelination and demonstrated
multifocal changes in the white matter on MRI, which
did not progress over a 6-month period, and symptoms
did not progress over 4 years of followup.

The etiology of the white matter lesions identi-
fied by MRI in this patient is not clear, although the

changes are consistent with a demyelinating process and
ischemic changes. It should be noted that demyelination
due to progressive multifocal leukoencephalopathy
(PML) following rituximab treatment in RA patients,
leading to estimates of increased risk in the order of 1
per 25,000 patients treated, has been reported in the lit-
erature (21). Rituximab-induced depletion of B cells
has been suggested to permit the reactivation of JC virus
(JCV), which is responsible for PML (21). However, the
JCV status of the patients in the present study was not
investigated. In a clinical trial of patients with multiple
sclerosis, atacicept treatment was associated with exac-
erbation of the disease. However, there have been no
new diagnoses of demyelinating processes reported in
any other atacicept clinical trial. It is not possible to tell
from this small pilot study whether atacicept contribut-
ed to the demyelination event in this patient. The inves-
tigator, however, considered the focal demyelination,
suspected focal glioma, and multifocal changes in the
white matter to be either unrelated or unlikely to be
related to the study medication. RA itself was reported
as an alternative explanation for this SAE.

Infection-related AEs observed in this study
were mostly infections that are commonly encountered,
consistent with previous reports (15,20). The infection
rate was slightly higher than that previously reported to
be associated with treatment with atacicept (44% in the
present study versus 34–35% in prior studies [15,20]),
but was still lower than that in patients treated with
rituximab alone (66.7%). Rituximab re-treatment has
been associated with a reported rate of infection of 50–
60% in clinical trials (22,23). Thus, re-treatment with
rituximab may be contributing to the higher infection
rate seen in patients also treated with atacicept. Impor-
tantly, no serious infections were reported among
atacicept-treated patients during the treatment period,
despite the clear effect of atacicept on B cell levels
established in other clinical trials of atacicept in RA
patients; one event of severe gastroenteritis occurred 4
months after treatment in a patient who had recently
visited Thailand.

The percentage of patients who withdrew due to
AEs was twice as high with atacicept as with placebo.
Injection-site reactions with atacicept were more fre-
quent than previously reported (72.2% in the present
study versus 10–11% in prior studies [19,20]), and the
incidence of hypersensitivity reactions was also higher in
atacicept-treated patients (50.0%) than in placebo-
treated patients (22.2%). The reasons for this remain
unclear; the small sample size could have led to chance
results, or rituximab could have increased hypersensitivity
to atacicept.

Figure 3. Change in levels of IgG, IgM, and IgA from baseline to
week 32 in patients treated with two 1,000-mg infusions of rituximab
given 2 weeks apart, followed by 150 mg atacicept or placebo given
once weekly for 25 weeks. In A, values are the levels of each immu-
noglobulin (in gm/liter) over time. The horizontal broken line indi-
cates the lower limit of normal. In B, values are the percentage
change from baseline. The horizontal broken line indicates baseline.
All results are expressed as the median with interquartile range.
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As in other phase I and phase II trials (15,20), ata-
cicept was not associated with an increased rate of total
infection, despite its Ig-lowering effects. A small reduc-
tion in antibody titers was observed. The reduction in pro-
tective titers was, however, not greater than the reduction
in total IgG levels. There was no apparent correlation
between patients with infections and those with the lowest
mean levels of each Ig subclass (data not shown).

Atacicept demonstrated marked biologic activity,
as indicated by the decreases in the ESR, B cell subset

counts, and concentrations of Ig subclasses and RF in
atacicept-treated patients compared to placebo-treated
patients. The magnitude and pattern of the decrease in
total Ig levels following treatment with rituximab and
atacicept were similar to those observed in previous RA
trials with atacicept alone (15,20). Consistent with those
earlier studies, atacicept-associated reductions in the
ESR were greater than the reductions in the CRP level,
which may be attributed to the reduction in total Ig lev-
els associated with atacicept (15,20). As expected, B cell
subsets in the peripheral blood were completely depleted
by rituximab, but there was no indication that atacicept
delayed the recovery of B cell populations. In some cases,
particularly for mature B cells, recovery was quicker fol-
lowing atacicept treatment compared to placebo treat-
ment. Interpretation of these data is, however, limited by
a high degree of interindividual variability, the small
study size, very low starting numbers of lymphocyte cell
populations (typically ,10 cells/mm3, with a resolution of
1 cell/mm3), and a between-group difference in the pro-
portion of patients who received rituximab re-treatment
during followup, which was numerically higher in the pla-
cebo group.

The mechanisms of action of rituximab and ataci-
cept on B cell populations are understood to be comple-
mentary, suggesting a potential for additive or synergistic
clinical benefit following their combination (7,11,12).
However, no treatment benefit, as measured by the ACR
response rates and DAS28, was observed following the
addition of atacicept to rituximab re-treatment in this
study. Published phase II studies of atacicept in RA have
previously demonstrated only modest clinical effects
despite considerable biologic activity (15,20). The reasons
for this disparity remain unclear. BLyS and APRIL may
regulate both B cell and T cell function, and could have
both proinflammatory and antiinflammatory activities in
RA (24). The possibility also exists that atacicept did not
sufficiently block BLyS and APRIL locally in the syno-
vium, leading to insufficient local reduction of B cells and
plasma cells. In addition, it is possible that sequential
therapy that starts with atacicept first, in order to mobi-
lize memory B cells from niche compartments, followed
by rituximab could have higher therapeutic benefit.

In this study, the rates of clinical response to rit-
uximab were lower than those previously reported (1,2).
Patients in other studies had not been previously treated
with rituximab at baseline, and thus may have had a
larger response than those being re-treated in the pre-
sent study. Patients in this study may have experienced
some residual therapeutic effect, meaning that re-
treatment with rituximab did not lower the CRP level as
much as initial treatment.

Figure 4. Proportion of patients responding to combination treat-
ment with atacicept versus those treated with placebo over time.
Patients were treated with two 1,000-mg infusions of rituximab given
2 weeks apart, followed by 150 mg atacicept or placebo given once
weekly for 25 weeks. Responses were defined according to the
American College of Rheumatology 20% improvement criteria
(ACR20), the ACR50, and the ACR70 based on the C-reative pro-
tein (CRP) level.
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The number of patients who were re-treated with
rituximab was lower in the atacicept group compared to
the placebo group; thus, there is a possibility that ataci-
cept treatment was associated with a more persistent
response. Indeed, this was the original hypothesis that
led to this trial. Unfortunately, no other measured out-
come provides independent support for this hypothesis,
and so it remains an intriguing possibility, at best. The
study limitations included the small numbers of patients
in each group, and the short duration of this pilot study.

In conclusion, this pilot study demonstrated that
administering atacicept following rituximab re-treatment
presented no new safety concerns and was associated
with an AE profile consistent with that reported previ-
ously for atacicept in phase II studies. Atacicept exerted
clear biologic effects, but no additional clinical benefit
was observed. Any evidence of an effect of atacicept
on delayed B cell re-expansion following rituximab-
mediated depletion could not be evaluated, since there
was virtually no recovery of B cells in the placebo group
during the followup period. These findings, therefore, do
not suggest that the combination of atacicept and ritu-
ximab should be pursued as a therapeutic option for
patients with RA.
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