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O

B-Lymphocyte Depletion With
Rituximab and B-Cell Function:
Two-Year Results

OBJECTIVE

We previously reported that selective depletion of B-lymphocytes with rituximab,
an anti-CD20 monoclonal antibody, slowed decline of 3-cell function in recent-
onset type 1 diabetes mellitus (TLDM) at 1 year. Subjects were followed further to
determine whether there was persistence of effect.

RESEARCH DESIGN AND METHODS

Eighty-seven subjects (aged 8-40 years) were randomly assigned to, and 81 re-
ceived, infusions of rituximab or placebo on days 1, 8, 15, and 22. The primary
outcome—baseline-adjusted mean 2-h area under the curve (AUC) serum
C-peptide during a mixed-meal tolerance test (MMTT) at 1 year—showed higher
C-peptide AUC with rituximab versus placebo. Subjects were further followed
with additional MMTTs every 6 months.

RESULTS

The rate of decline of C-peptide was parallel between groups but shifted by

8.2 months in rituximab-treated subjects. Over 30 months, AUC, insulin dose, and
HbA,. were similar for rituximab and placebo. However, in evaluating change in
C-peptide over the entire follow-up period, the rituximab group means were
significantly larger as compared within assessment times with the placebo group
means using a global test (P = 0.03). Odds ratio for loss of C-peptide to <0.2 nmol/L
following rituximab was 0.565 (P = 0.064). B-lymphocytes recovered to baseline
values by 18 months. Serum IgG levels were maintained in the normal range but
IgM levels were depressed.

CONCLUSIONS

Like several other immunotherapeutic approaches tested, in recent-onset TIDM,
rituximab delays the fall in C-peptide but does not appear to fundamentally alter
the underlying pathophysiology of the disease.

Diabetes Care 2014,;37:453-459 | DOI: 10.2337/dc13-0626

At the time of diagnosis, most patients with autoimmune-mediated type 1
diabetes mellitus (T1DM) retain some B-cell function as measured by C-peptide
responses. Long-term retention of residual 3-cell function is associated with a
reduction of severe hypoglycemic episodes and complications (1,2). Thus an
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intervention that achieves persistent
improvement of endogenous insulin
production would be expected to
improve management and reduce
long-term complications.

The immunopathogenesis of 3-cell
destruction is typically associated with
T-lymphocyte autoimmunity. Thus several
clinical trials to prevent or treat TIDM
have targeted T-lymphocytes (3,4) or their
activation (5). B-lymphocyte—directed
therapies have been shown to prevent
and even reverse TIDM in the nonobese
diabetic mouse model (6). In human
beings, B-lymphocytes can be
selectively depleted using the anti-
CD20 monoclonal antibody, rituximab
(7). We previously reported that such
selective depletion of B-lymphocytes
resulted in significant preservation of
insulin secretion for 1 year (8). We now
report the safety and efficacy of this
treatment with further follow-up.

RESEARCH DESIGN AND METHODS

Study Design and Procedures

This phase 2 clinical trial was registered
with ClinicalTrials.gov (NCT00279305).
The complete study design and results of
the 1-year end points have been
previously reported (8). Briefly, at 12 sites
in the U.S. and Canada, a total of 87
patients were enrolled in a double-
masked parallel group design and were
randomized in a 2:1 ratio, with 57
subjects receiving rituximab and 30
subjects receiving placebo. The major
time focus for the current report was
24 months, although longer-term data
for some subjects is included. While
subjects were given the overall results
of the study after year 1, participants
and staff remained masked to
individual study assignment and data
until all subjects had completed at least
2 years of follow-up and data lock had
occurred. Data reported here were
obtained prior to unmasking of the
clinical site and study participant as to
treatment assignment.

Each subject received one course of four
intravenous infusions of rituximab (each
infusion being 375 mg/m?) or placebo
on study days 1, 8, 15, and 22. No
additional courses or treatments with
rituximab or other immunosuppressive
or immunomodulatory drugs were
allowed or given during the follow-up

period. Acetaminophen and
diphenhydramine were administered
as premedication before each
infusion to attenuate infusion-related
events.

Predefined secondary outcomes at

24 months included 2-h area under the
curve (AUC) serum C-peptide during a
mixed-meal tolerance test (MMTT),
changes in HbA;. and insulin dose at

6 month intervals, time to first stimulated
peak C-peptide of less than 0.2 nmol/L,
and safety. Safety outcomes focused on
infections and laboratory assessments,
particularly white blood cell counts and
immunoglobulin levels.

The study protocol is available at the
Type 1 Diabetes TrialNet public website
www.diabetestrialnet.org.

Statistical Analyses

Details of the statistical plan are
included in our earlier report (8). The
intention-to-treat principle was
prespecified to be applied to all subjects
with known end points; there were 78
analyzable subjects at 2 years (8).

The P values associated with the
intention-to-treat comparisons of the
primary and secondary end points are
one-sided to be consistent with the
design of the trial (although the earlier
publication (8) reported two-sided
Pvalues in accordance with the journal’s
rules). The prespecified analysis method
for C-peptide mean AUC, HbA;, and
total daily insulin dose was an ANCOVA
model adjusting for baseline age, sex,
baseline value of the dependent
variable, and treatment assignment.
The significance levels associated with
the treatment effect are from the Wald
test (from the fitted model) and are one-
sided in agreement with the statistical
design. A normalizing transformation of
log(Xc — pep + 1) was prespecified for
C-peptide AUC mean, and normal plots
of the residuals indicated that it was
adequate. The C-peptide mean AUC
equals the AUC divided by the 2-h
interval (i.e., AUC/120). The AUC was
computed using the trapezoidal rule
from the timed measurements of
C-peptide during the MMTT. The 95%
Cls of the predicted group means were
calculated from the linear model. The CI
for percentage change was derived by
using a bootstrap procedure.
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The time to first stimulated peak
C-peptide of less than 0.2 nmol/L was
analyzed using standard survival
methods (Cox model and Kaplan—Meier
method). Adverse events were analyzed
using contingency table methods, and
the significance levels are from the
Pearson X2 test (two-sided). Mean rate
of change of C-peptide AUC mean from
6 to 30 months (3-month assessment
was not included to maintain a uniform
contribution of scheduled assessments
over time) was estimated using a mixed
effects model with both random
intercept and slope adjusting for age,
sex, baseline C-peptide AUC mean, and
treatment assignment. The initial fit
included a fixed interaction effect of
treatment and time but was removed
because of the lack of any statistical
evidence of it being other than zero. To
assess the treatment effect over the
entire time period, a similar mixed
model was fitted to the data, except
time was defined without structure and
grouped by 6-month intervals (6—30
months).

Missing values became a significant
issue at the 30-month follow-up
assessment, thus potentially
diminishing the randomized treatment
group comparison. For this reason, no
significance tests at 30 months are
reported, but point estimates and the
corresponding 95% Cls are provided in
the graphs.

RESULTS

The baseline characteristics of the two
groups were previously reported (8).
Supplementary Fig. 1 depicts the patient
flow diagram, showing enrollment/
randomization and retention of subjects
during the study through 24 months of
follow-up. In the rituximab group, 49/49
subjects reaching the 12-month follow-
up point had a follow-up at 24 months,
compared with 28/29 in the placebo

group.

Effectiveness

Fig. 1A displays the results of the linear
modeling of mean AUC of C-peptide
over 2 h (nmol/L) adjusted for sex, age,
and baseline C-peptide. As reported
previously, the study-defined primary
end point of AUC mean at 1 year was
significantly better for the rituximab
group: 0.56 (95% CI 0.50-0.63) and 0.47
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Figure 1—A: Linear modeling of mean AUC of C-peptide over 2 h, over time by treatment group. Number of subjects available for analysis is displayed
along the x axis. B: Rate of fall (slope) in C-peptide AUC. The placebo-predicted line leads the rituximab line by 8.2 months. The model assumed that
each subject’s C-peptide values on the log(Xc - pep + 1) scale tended to follow a straight line (i.e., two random effects: the intercept and constant
decay rate over time). C: Time to C-peptide failure by treatment group. C-peptide failure was defined as the first time at which the maximum
C-peptide during a 2-h MMTT was <0.2 nmol/L.
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(95% Cl 0.39-0.55) nmol/L for the
rituximab and placebo groups,
respectively (percentage difference
20%; P = 0.03; two-sided) (8). However,
at the later time points, while the
mean AUC in the rituximab group was
still greater, the Wald test was no
longer significant. The mean AUC at

2 years was 0.398 (95% Cl 0.326—
0.473) and 0.336 (95% C1 0.245-0.433)
nmol/L for the rituximab and placebo
groups, respectively (P = 0.15). The
percentage difference in means was
18% higher in the rituximab group
(95% Cl —22.3 to 63.8). A ladder plot
of subgroup analyses for AUC of
C-peptideisincluded as Supplementary
Fig. 2.

Alongitudinal analysis was conducted in
an attempt to quantify the change in

A9.0 =

C-peptide over the entire follow-up
period. Four-hundred fifty observations
were used in fitting the linear mixed
model. When no mathematical
relationship was specified across time,
the rituximab group means were
significantly larger as compared within
assessment times with the placebo
group means using a global test (P =
0.03); the trend is that the differences
become smaller with each successive
follow-up assessment (6 to 30 months:
0.116, 0.106, 0.102, 0.0970, 0.0903).
When a linear relationship was specified
across time, both for subject and
population means, the associated Wald
test for treatment effect was significant
(P =0.014) (Fig. 1B). When evaluating
the difference in decay rates by
treatment group, the test was not

significant (P = 0.45; two-sided). When
specifying parallel lines for the
population means in the model, the
rituximab mean line followed after the
placebo line by 8.2 months (95% ClI
0.827-15.6).

The C-peptide level was used to define
another secondary end point called
time to C-peptide failure: the first point
in time after initiating dosing with
study medication when the maximum
of the timed C-peptide assessments
during a 2-h MMTT was below 0.2
nmol/L (Fig. 1C). Using the Cox model
for treatment group and adjusting for
baseline C-peptide, sex, and age, the
P value is 0.064. The relative risk
estimate of failure in the rituximab
group from the model was 0.565 (95%
Cl 0.271-1.177).
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Figure 2—A: HbA;. and 95% confidence limits over time by treatment group. B: Insulin dose (units per kilogram) over time by treatment group.

Number of subjects available for analysis is displayed along the x axis.
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Figure 3—A: Absolute CD19 counts over time by treatment group. Multiparameter flow cytometry was performed by the Immune Tolerance
Network (at Roswell Park Cancer Institute, Buffalo, NY) from fresh blood. B: IgM (milligrams/deciliter and 95% Cl) concentrations over time by
treatment group. C: IgG (milligrams/deciliter and 95% Cl) concentrations over time by treatment group. Number of subjects available for analysis is
displayed along the x-axis.
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As previously reported (8), the rituximab
group had lower HbA, (Fig. 2A) (6.76 =
1.24 versus 7.00 = 1.30% at 12 months;
P = 0.0001) and insulin dose (Fig. 2B)
(0.39 = 0.22 versus 0.48 =+ 0.23 units/
kg at 12 months; P =< 0.0001). Both
values were lower in the rituximab
group at 18 and 24 months but were no
longer significantly different from the
placebo group.

B-Lymphocyte Depletion

CD19 cells were depleted by rituximab
(P = 0.0001) and gradually returned to
baseline values by 18 months and
remained similar to the control group at
24 months; they were relatively stable in
the placebo group (Fig. 3A). After
analysis of the 1-year data, it was
decided to stop performing flow
cytometry beyond 2 years of follow-up.
Thus the numbers of such
measurements at 30 months are fewer
but are consistent with the 24-month
data, indicating no long-term
B-lymphocyte depletion.

Safety

During long-term follow-up, as
compared with the first year, there were
substantially fewer adverse events
(Supplementary Table 2), with fewer
subject reports in both groups; most
were mild, grade 1 and 2, with none
being grade 4. Infections were slightly
more common in the rituximab group,
but this difference was not significant.
These included grade 1 and 2
conjunctivitis (n =2), Strep throat (n=2),
upper respiratory infection (n=1),and a
finger infection (n = 1).

IgM levels fell from baseline in the
rituximab group, an effect that persisted
at 24 months (P < 0.0001) (Fig. 3B). The
IgG concentrations did not differ
significantly between the two groups
and remained similar to that at baseline
(Fig. 3C). No subject required treatment
for hypogammaglobulinemia. There
were no adverse effects on routine
laboratory parameters.

CONCLUSIONS

As noted in the iINTRODUCTION,
B-lymphocyte—directed therapies have
shown beneficial effects in the
nonobese diabetic mouse (6). In
autoimmune diseases, B-lymphocytes
are thought to play a pathogenic role as

antigen-presenting cells and may
provide help in the activation of
T-lymphocytes that are the mediators of
autoimmune destruction (6). Therefore,
we conducted a trial with rituximab, an
anti-CD20 monoclonal antibody that
targets B-lymphocytes (8). We have
previously reported that a single 4-week
course of rituximab within 3 months of
the time of diagnosis significantly
preserves [3-cell function and is
associated with a lower HbA,. and lower
insulin dose at 1 year (8). In following
these subjects up to 30 months after
randomization, the rate of fall in the
C-peptide AUC paralleled the fall seen in
the control group, suggesting that
rituximab did not fundamentally alter
the underlying pathophysiology of
disease. However, the early rituximab
treatment did delay this fall in
C-peptide, as compared with the control
group, by 8.2 months, resulting in an
overall greater preservation of 3-cell
function when all time points were
considered (Fig. 1B). Although C-peptide
AUC, HbA, and insulin dose per
kilogram tended to be more favorable in
the rituximab group than the placebo
group in follow-up, there is waning of
the effect of rituximab as demonstrated
by the lack of statistical difference in
these parameters at the 2-year time
point. The parallel fallin AUC may reflect
resumption of ongoing immune-
mediated destruction of 3-cells,
although without a true marker of the
autoimmune response, this remains
conjecture. Whether repeat dosing with
anti-CD20 or other agents could
achieve a more prolonged response
without increasing adverse events is not
known. It is interesting to note that in
the other recent studies that showed
beneficial effect of immune intervention
in TIDM (3-5), longer-term follow-up
also revealed a decline in effect over
time (9-11) Although qualitatively
similar, direct comparison with the
results in the current study is difficult.

When the study was designed, it was
assumed that future rituximab dosing
might be needed for optimal effect.
However, without proof that the
treatment was effective and no previous
data on the safety of B-lymphocyte
depletion in this population, only a
single course of therapy was provided.

Diabetes Care Volume 37, February 2014

In the initial report, other than the
cytokine-associated reaction mostly to
the first dose of rituximab, there were
no other unusual safety events and
particularly no increased rates of
infection. This current paper updates
that safety analysis. The therapy
continued to be safe during longer
follow-up. As seen with previous
rituximab trials, the B-lymphocyte
counts returned to baseline levels after
approximately 18 months. The
reduction of IgM levels reported at

1 year persisted at 2 years. Reduction of
IgM levels has been consistently seen
across rituximab studies (12,13), but the
mechanism and clinical implications are
unclear. In contrast, I1gG levels remained
stable over the entire period. We have
reported that antibody responses to
neoantigens and to recall immunization,
which were decreased during the time
of depletion of B-lymphocytes, returned
toward normal as B-lymphocyte counts
recovered (14).

In summary, a single course of four
infusions of rituximab over 1 month
shortly after the diagnosis of TIDM
appears to delay the fall in C-peptide by
8.2 months with minimal safety concerns.
This trial now paves the way for other
approaches targeting B-lymphocytes in
the treatment of T1DM, such as extended
or repeat dosing with rituximab, use of
alternative anti-CD20 (15,16) or other
anti-B-lymphocyte antibodies [e.g., anti-
CD19 (17)] or therapies that block the
BAFF pathway (18). We continue to
caution against the use of rituximab for
treatment of new-onset TIDM outside
carefully monitored and controlled
clinical trials.
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