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Abstract

IMPORTANCE—B-cell depletion with the anti-CD20 antibody rituximab is highly effective for
pemphigus vulgaris (PV) treatment. However, most patients experience relapse, and intravenous
rituximab infusions are expensive. Therefore, cost-effective anti-CD20 therapies are desirable.

OBSERVATIONS—A compassionate-use investigational new drug protocol was approved to
administer veltuzumab, a second-generation humanized anti-CD20 antibody, to a patient with
refractory PV. Veltuzumab was administered as two 320-mg (188 mg/m?) subcutaneous doses 2
weeks apart, resulting in complete remission of disease off therapy. The disease relapsed 2 years
after treatment. A second cycle of subcutaneous veltuzumab, using the same dosage regimen,
again induced complete remission off therapy, which remained at 9 months. No serious adverse
events occurred during 35 months of follow-up. Serum veltuzumab levels were 22 and 29 pug/mL 2
weeks after the first dose of each cycle, and the drug remained detectable in the serum for longer
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than 3 months. Relapse and response to veltuzumab generally correlated with desmoglein 3
enzyme-linked immunosorbent assay index values. Shortly after a relapse that occurred after a
long-term remission, the patient demonstrated an elevated naive (CD19*CD27~) to memory
(CD19*CD27*) B-cell ratio of 19.5 and transitional (CD19*CD24*CD38") B-cell frequency of

12.5%.

CONCLUSIONS AND RELEVANCE—Subcutaneous veltuzumab may be a safe, effective, and
more economical alternative to intravenous rituximab for PV therapy. Clinical trials of
subcutaneous veltuzumab for PV are warranted.

Pemphigus vulgaris (PV) is a potentially fatal autoimmune blistering disease caused by
antibodies to the keratinocyte adhesion protein desmoglein (Dsg) 3. B-cell depletion with
the chimeric anti-CD20 antibody rituximab is effective in PV, with 95% to 100% of patients
achieving short-term healing of mucocutaneous lesions and approximately 50%
experiencing complete remission of disease off therapy.1-3 However, more than 80% of the
patients experience relapse, suggesting that most patients with PV treated with rituximab
may require multiple cycles of therapy. Additionally, intravenous administration of
rituximab is expensive, and neutralizing human antichimeric antibodies to rituximab can
occur.* Therefore, the development of alternative anti-CD20 therapies is desirable.

We report successful treatment in a patient with refractory PV using veltuzumab, a novel
second-generation humanized anti-CD20 antibody, administered by subcutaneous injection.
Subcutaneous veltuzumab was safe and effective, resulting in complete remission of disease
off therapy and no serious adverse events during 35 months of follow-up.

Report of a Case

A woman in her late 20s developed intermittent oral lesions initially attributed to herpes
simplex virus. Two years later she developed vaginal erosions and focal areas of skin
blistering. A skin biopsy demonstrated suprabasal acantholysis, and direct
immunofluorescence analysis showed intercellular staining of 1gG and complement C3,
establishing a diagnosis of PV. The patient’s disease cleared with prednisone, 40 mg/d, but
her mucosal disease flared when the dose was tapered. Adjunctive immunosuppression with
azathioprine, 150 mg/d (2.25 mg/kg/d), for 3 months was unsuccessful, and dapsone was not
tolerated because of cytopenias. Treatment with mycophenolate mofetil, 3000 mg/d (45
mg/kg/d), allowed prednisone to be tapered to 5 mg/d but not lower. The patient received her
first cycle of rituximab (four 375-mg/m?2 weekly intravenous doses), resulting in incomplete
remission. Prednisone therapy was tapered to 3 mg/d while the mycophenolate mofetil dose
remained 3000 mg/d, but mucosal blisters recurred 6 months later. The patient received a
second cycle of the same dosage of rituximab 7 months after the first cycle, again resulting
in incomplete remission; prednisone was discontinued and mycophenolate mofetil, 3000
mg/d, was continued, but the mucosal blisters recurred 6 months later. She received a third
cycle of rituximab, with a modified regimen of two 1000-mg intravenous infusions 2 weeks
apart, 8 months after the second cycle, with no response. Owing to the patient’s fatigue, the
mycophenolate mofetil dose was decreased to 2000 mg/d, requiring a prednisone dose
increase to 7.5 mg/d to achieve disease control, and doses could not be lowered further
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without disease flare. Infusion reactions and human antichimeric antibodies to rituximab
were not observed.

Veltuzumab is a humanized anti-CD20 antibody that differs in sequence from rituximab,
resulting in favorable pharmacokinetics and potent anti—B-cell activity in preclinical studies.
5 Veltuzumab is currently under clinical development for the treatment of B-cell
lymphomas® and autoimmune diseases.”-8 A compassionate-use investigational new drug
protocol to provide veltuzumab treatment for our patient with refractory PV was approved
by the US Food and Drug Administration and a local institutional review board. The patient,
in her early 40s at the time of treatment with veltuzumab (month 0 in Figure 1), received two
320-mg (188 mg/m?) subcutaneous doses of veltuzumab 2 weeks apart. She was observed
for 1 hour after each injection without incident. No injection site reactions or serious adverse
events were observed during long-term follow-up of 35 months.

After veltuzumab treatment, prednisone was successfully tapered to discontinuation,
followed by mycophenolate mofetil, achieving the clinical end points of complete remission
on minimal therapy? at 13 months and complete remission off therapy at 22 months. At 24
months, her mucosal PV relapsed. She received a second cycle of veltuzumab 26 months
after the first treatment, using the same veltuzumab dosing regimen without adjunctive use
of daily systemic immunosuppressants. She achieved complete remission of disease off
therapy within 2 months, which remains ongoing at 35 months follow-up.

Figure 1A details the patient’s clinical course and treatments. Human anti-veltuzumab
antibodies were not detected during 35 months of follow-up (data not shown; eMethods in
the Supplement). At 0.5 and 3.0 months, serum veltuzumab levels were 22 and 23 pg/mL,
respectively, with the first cycle of treatment and 29 and 4 ug/mL, respectively, with the
second cycle (Figure 1B). A modified Dsg3 enzyme-linked immunosorbent assay2? (1:1500
dilution to increase sensitivity by using the linear range of the assay) showed that Dsg3
index values generally correlated with treatment and disease activity (Figure 1C). Serum
autoantibody levels decreased before the first cycle. Veltuzumab treatment correlated with a
sustained decrease in Dsg3 index values. Relapse was preceded by increased autoantibody
levels, and complete remission after the second treatment cycle correlated with reduced
Dsg3 index values. Serum tetanus 1gG remained stable above the protective limit of 0.1
IU/mL (Figure 1D). Epitope mapping experiments demonstrated that autoantibodies
recognized Dsg3 extracellular domains 1 to 3, with no change in targeted epitopes
throughout remission and relapse (data not shown).11

Multiparameter flow cytometry of whole blood was performed to evaluate the kinetics of B-
cell depletion and repopulation (Figure 2A). Unexpectedly, the patient’s peripheral CD19* B
cells were almost undetectable just before the first veltuzumab treatment cycle, which
precluded analysis of B-cell depletion during that cycle. The first veltuzumab injection
occurred 10 months after the third cycle of rituximab, when the patient was taking 7.5 mg/d
of prednisone and 2000 mg/d of mycophenolate mofetil. The levels of CD19* B cells were
15/pL at 7 months and 294/uL at 25 months (during relapse). Two weeks after the first
veltuzumab injection of cycle 2, peripheral blood CD19" B-cell counts were undetectable,
with repopulation first detected at 7 months after the second treatment cycle (42/uL).
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A previous study? of patients with PV who were treated with rituximab reported B-cell
repopulation characteristics for patients achieving long-term complete remission off therapy
compared with patients in incomplete remission. In the present patient, 2 years after the first
veltuzumab treatment and shortly after relapse, naive (CD197CD277) B cells constituted
95.1% of the total B-cell population, with a ratio of naive to memory (CD19*CD27%) B cells
of 19.5 (absolute B-cell counts were 280/uL and 14/uL in the naive and memory pools,
respectively) (Figure 2B). The transitional (CD19*CD24*CD38") B-cell population
frequency was 12.5% (37/uL) (Figure 2C).

Discussion

We report the first case of PV treated with the novel humanized anti-CD20 antibody
veltuzumab. Veltuzumab is a second-generation anti-CD20 antibody with humanized
framework regions and a single amino acid change in the heavy chain complementarity-
determining region 3 compared with rituximab (aspartic acid at position 101 [D101] instead
of asparagine). In preclinical studies,® veltuzumab demonstrated a 2.7-fold higher half-life
on the surface of human B-cell lines compared with rituximab, confirmed by site-directed
mutagenesis studies to be due to the D101 substitution. Cynomolgus monkeys receiving
low-dose subcutaneous veltuzumab demonstrated complete depletion of B cells in the
peripheral blood, spleen, and mandibular and mesenteric lymph nodes, whereas rituximab
effectively depleted B cells in the peripheral blood, but not consistently in the lymph nodes
and/or spleen.12:13 Consistent with this enhanced anti-B-cell activity, low-dose
subcutaneous veltuzumab has shown efficacy comparable to that of intravenous rituximab in
phase 1 studies of patients with non-Hodgkin lymphoma® and relapsed immune
thrombocytopenia (ITP).”

Treatment with subcutaneous veltuzumab in our patient with refractory PV was effective,
resulting in peripheral blood B-cell depletion within 2 weeks of the first subcutaneous
injection and complete remission of the disease off therapy. Given the peripheral blood B-
cell depletion and decreasing Dsg3 enzyme-linked immunosorbent assay index values at the
start of veltuzumab therapy, we cannot rule out a delayed effect of rituximab in response to
the first cycle of veltuzumab treatment. However, peripheral blood B-cell depletion has been
reported4 in patients receiving high-dose mycophenolate mofetil and prednisone therapy
who have never received rituximab, so we cannot definitively attribute the baseline B-cell
depletion to prior rituximab therapy.

Serum levels of veltuzumab were sustained in our patient at 2 weeks and 3 months for the
first treatment cycle (22 and 23 pug/mL, respectively) but not the second treatment cycle (29
and 4 pg/mL). In comparison, the mean veltuzumab serum level in patients with ITP who
were receiving the same dosing regimen were 20 and 2 ug/mL at 2 weeks and 3 months,
respectively.” Although speculative, the sustained serum level of veltuzumab after the first
treatment cycle in this patient might reflect her low baseline peripheral blood B-cell count
(ie, low CD20 target antigen to deplete circulating veltuzumab), which recovered by the time
of the second treatment cycle to values similar to those observed in the ITP population.
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Repopulation of B cells began 7 months after the first treatment cycle, although relapse of
the disease did not occur until 24 months after treatment. Patients achieving long-term
complete remission after rituximab therapy have been reported? to
haveasignificantlyhighermeanfrequencyoftransitionalBcells compared with patients in
incomplete remission (8.1% vs 1.9%). Similarly, our patient achieving long-term complete
remission demonstrated a 12.5% transitional B-cell frequency 2 years after treatment,
shortly after disease relapse.

Veltuzumab was well tolerated by our patient, with no serious adverse events, injection site
reactions, or constitutional symptoms following treatment. No serious adverse events or
serious infections have been observed in phase 1 studies of subcutaneous veltuzumab use in
34 patients with ITP” and 17 patients with non-Hodgkin lymphoma.® The most common
adverse event was mild to moderate injection site reactions, experienced by 41% of the
patients with ITP and 35% of those with lymphoma.

Conclusions

This single-patient experience suggests that subcutaneous veltuzumab may be a safe and
effective alternative to rituximab for the treatment of PV, even in refractory cases.
Subcutaneous administration is more convenient and likely cost-effective as it avoids the
substantial costs of intravenous infusion. Clinical trials of veltuzumab in PV are warranted.
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Figure 1. Evaluation of Clinical Course, Treatments, Phar macokinetics, and Response to

Therapy

A, Immunosuppressant dosages and clinical outcomes. CR, complete remission (minimal
therapy); CROT, CR off therapy. B, Pharmacokinetic analysis. Serum veltuzumab levels
were 22 and 23 pg/mL and 29 and 4 pg/mL when measured at 0.5 and 3.0 months after
veltuzumab cycles 1 and 2, respectively. C, Modified (1:1500) desmoglein 3 enzyme-linked
immunosorbent assay (ELISA), which correlates with relapse and remission before and after
veltuzumab cycle 2. D, Serum tetanus toxoid 1gG remained stable.
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Figure 2. Immunophenotype of Repopulating B Cells 26 Months After the First Cycle of

Veltuzumab Therapy

A, CD19* peripheral blood B-cell depletion and repopulation during the second cycle of
veltuzumab therapy. B-cell subsets were analyzed at 26 months, shortly after relapse from
long-term remission. B, Long-term remission after the first cycle of veltuzumab correlates
with the elevation of naive (CD19*CD27~) compared with memory (CD19*CD27%) B-cell
frequencies. C, Long-term remission after the first cycle of veltuzumab correlates with the
high levels (12.5%) of transitional (CD197CD24*CD38") B cells, as previously described.?
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