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Supplementary method-1. B cell proliferation assay
B cells (5x104 cells/0. 16ml) were cultured for 64 h in 96-well tissue culture clusters (Costar,
#3596). Cells were stimulated with anti-human IgM (5µg/ml, Jackson #309-006-043) and human
BAFF (50ng/ml, Invitrogen #PHC1674) in the presence of increasing concentrations of test
antibodies. Cells were pulsed with 0.5 µCi/well of 3H-TdR ([methyl-3H] Thymidine, 37 MBq, 1
mCi/ml, Perkin Elmer #NET027 X005MC) for the last 16 hours of culture. Subsequently, cells
were harvested, and incorporated radioactive label determined in a Wallac Trilux 1450
Microbeta counter (Perkin Elmer).
Results: Inhibition of BAFF-induced proliferation of B cells

BAFF-induced inhibition of proliferation of isolated human B cells. Data represent the mean + SD of five
experiments. Derived data points were fitted according to a Four Parameter Logistic Equation for determination of
IC50.
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Supplementary method-2. ADCC assay
Human peripheral blood mononuclear cells (PBMC) were purified from Buffy coats by Ficoll
gradient centrifugation. The cell number was adjusted to 5x106 cells/mL using RPMI 1640
medium supplemented with 5 % Ultra-Low IgG FCS (Invitrogen #16250086) and 0.1 ml of the
cell suspension was added to round-bottom wells (Corning Incorporated - Costar #3790)
containing 0.1 ml of antibody dilution. Cells were incubated at 37oC in humidified CO2
atmosphere (5%) for 16-24 hours in the absence or presence of a range of concentrations for
ianalumab. Elimination of B cells was determined by FACS based analysis. Results for
individual antibody concentrations were calculated as percent surviving B cells with reference to
cultures devoid of ianalumab. Derived data points were fitted according to a Four Parameter
Logistic Equation, and IC50 values were derived for each experiment.
Results: In vitro ADCC assay
N=16

Ianalumab
[pM]

EC50

2.0 + 2.0

Summary of EC50 for in vitro depletion of B cells from human PBMC cultures. Data represent the mean ±
SD from 16 independent experiments.
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Supplementary method-3. Inclusion and exclusion criteria
Inclusion criteria
Subjects eligible for inclusion in this study have to fulfill all of the following criteria at the time
of screening and baseline evaluations unless otherwise noted:
1. Written informed consent must be obtained before any assessment is performed
2. Male and female subjects age 18 to 75 years of age included
3. Fulfilled revised European US consensus criteria for pSS (Vitali et al 2002); if key inclusion
criteria are missing from medical history, information will be obtained at screening and may be
used as a baseline value if required.
4. ESSDAI value ≥ 6.
5. Elevated serum titers at screening of ANA (≥ 1:160) and of RF,
OR
seropositive at screening for anti-SSA (± anti-SSB) antibodies.
6. Stimulated whole salivary flow rate at screening of > 0 mL/min
7. Subjects must weigh at least 50 kg and no more than 150 kg to participate in the study, and
must have a body mass index (BMI) within the range of 18 - 35 kg/m2
8. Able to communicate well with the investigator, to understand and comply with the
requirements of the study.

Exclusion Criteria
Subjects fulfilling any of the following criteria are not eligible for inclusion in this study:
1. Secondary Sjögren’s syndrome (presence of another connective tissue disease)
2. Use of other investigational drugs at the time of randomization, or within 28 days or
5 half-lives of time of randomization, whichever is longer; or longer if required by local
regulations.
3. Prior use of any B-cell depleting therapy (e.g., rituximab or other anti-CD20 mAb, anti-CD22
mAb, anti-CD52 mAb)
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4. Current use of prednisone > 10 mg/d or dose change within 2 weeks of the time of
randomization
5. Prior treatment with any of the following within 180 days of randomization
•
•
•
•
•
•

Anti-BAFF mAb
CTLA4-Fc Ig (abatacept)
Anti-TNF-α mAb
Intravenous Ig
Plasmapheresis
Intravenous or oral cyclophosphamide

6. Treatment with azathioprine, or prior use within 84 days of randomization; patients taking
either hydroxychloroquine or methotrexate at a consistent dose for ≥3 months prior to
randomization are eligible if dose is maintained throughout the study
7. Required regular use of medications known to cause, as a major side effect, dry mouth/eyes,
including beta blockers, antihistamines, pseudoephedrine, selective antidepressants,
anticholinergics, sedatives, antipsychotic drugs, anti-Parkinson agents, diuretics
8. History of major organ or hematopoietic stem cell/marrow transplant
9. Active viral, bacterial or other infections at the time of screening or enrollment, or history of
recurrent clinically significant infection or of recurrent bacterial infections with encapsulated
organisms
10. History or evidence of tuberculosis
11. Receipt of live/attenuated vaccine within a 2-month period before enrollment
12. Uncontrolled, co-existing serious disease, i.e., uncontrolled hypertension, heart failure, type I
diabetes, thyroid disease within 3 months prior to dosing, or significant illness within 2 weeks
prior to dosing
13. History of primary or secondary immunodeficiency, including a positive HIV (ELISA and
Western blot) test result
14. History of malignancy of any organ system (other than localized basal cell carcinoma of the
skin), treated or untreated, within the past 5 years, regardless of whether there is evidence of
local recurrence or metastases
15. History of sarcoidosis
16. History of head and neck radiation therapy or of having received radioactive iodine
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17. History of hypersensitivity to drugs of similar chemical classes (e.g., IgG1 biologics) or to
any of the constituents of the study drug (sucrose, L-Arginine hydrochloride, L-histidine,
polysorbate 80, hydrochloric acid)
18. For patients undergoing contrast ultrasound: known contraindication to SonoVue (sulphur
hexafluoride microbubbles) ultrasound contrast agent
19. Screening CBC laboratory values as follows:
•
•
•
•

Hemoglobin levels below 8.0 g/dL
Total leukocyte count less than 2,000/µL
Platelets less than 100,000/µL
Neutrophil count ≤1,500/ µL

20. History of non-compliance with medical regimens or considered potentially unreliable
21. Donation or loss of 400 ml or more of blood within 3 months prior study entry, or longer if
required by local regulations
22. Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a female
after conception and until the termination of gestation, confirmed by a positive hCG laboratory
test.
23. Women of child-bearing potential, defined as all women physiologically capable of
becoming pregnant, unless they are using highly effective methods of contraception during
dosing of study treatment and for 4 months after treatment.
Highly effective contraception methods include:
•
•

•

Total abstinence (when this is in line with the preferred and usual lifestyle of the
subject). Periodic abstinence (e.g., calendar, ovulation, symptom-thermal, postovulation methods) and withdrawal are not acceptable methods of contraception
Female sterilization (have had surgical bilateral oophorectomy with or without
hysterectomy) or tubal ligation at least six weeks before taking study treatment. In
case of oophorectomy alone, only when the reproductive status of the woman has
been confirmed by follow up hormone level assessment
Male sterilization (at least 6 months prior to screening). For female subjects on
the study, the vasectomized male partner should be the sole partner for that
subject combination of any two of the following (a+b or a+c or b+c):
a. Barrier methods of contraception: occlusive cap (diaphragm or cervical/vault
caps which are NOT made of latex) with spermicidal, or condom only. The
concomitant use of condom with spermicidal foam/gel/film/cream/vaginal
suppository is not recommended.
b. Use of oral, injected or implanted hormonal methods of contraception or other
forms of hormonal contraception that have comparable efficacy (failure rate
6

<1%), for example hormone vaginal ring or transdermal hormone
contraception
c. Placement of an intrauterine device (IUD) or intrauterine system (IUS)
In case of use of oral contraception women should have been stabile on the same pill for a
minimum of 3 months before taking study treatment.
Women are considered post-menopausal and not of child bearing potential if they have had 12
months of natural (spontaneous) amenorrhea with an appropriate clinical profile (e.g., age
appropriate, history of vasomotor symptoms) or have had surgical bilateral oophorectomy (with
or without hysterectomy), total hysterectomy or tubal ligation at least six weeks ago. In the case
of oophorectomy alone, only when the reproductive status of the woman has been confirmed by
follow up hormone level assessment is she considered not of child bearing potential.
24. Any surgical, medical, psychiatric or additional physical condition that the Investigator feels
may potentially jeopardize the patient in case of participation in this study
25. Subjects who have been committed to an institution by way of official or judicial order will
be excluded from participation in this study
26. Positive hepatitis B surface antigen or hepatitis C test result
No additional exclusions may be applied by the investigator, in order to ensure that the study
population will be representative of all eligible patients.
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Supplementary method-4. Flow cytometry panels.
Leukocyte subsets and lymphocyte activation markers included:
•

Leukocytes subsets:
o T cells (CD3+) and subsets CD4+, CD8+)
o B cells (CD19+ out of CD3-negative lymphocyte population):
o Monocytes (CD14+ CD3- out of leukocytes)
o NK cells (CD16+ CD56+ out of CD3-negative lymphocytes population)
Absolute cell counts (cells/µL), gated on CD45+ leukocytes, were calculated by
combination of flow cytometry counts and white blood cell (WBC) counts delivered from
hematology analyzer.

•

Activated lymphocytes:
o CD69 positive CD19+ B cells
o CD25 positive, CD69-positive and HLA-DR-positive CD3+ T cells

•

CD19+ B cell subsets:
o memory B cells: CD27+
o naïve B cells: CD27o transitional B cells: CD27- CD38++

8

Supplementary method-5. Pharmacokinetics analytical method
Ianalumab was quantified by a validated analytical method. The method consisted of a Sandwich
ELISA (enzyme-linked immunosorbent assay) based on the binding of ianalumab to
immobilized biotinylated BAFF-R peptide and detection via a mouse monoclonal antibody
against human IgG coupled to alkaline phosphatase (ALP) and para-nitrophenylphosphate
(pNPP) as substrate. The lower limit of quantification was 25 ng/mL.
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Supplementary Figure S1. Time course of the other four MFI
individual component scores.

Figure S1. Observed change from baseline in four out of five MFI domains (general fatigue,
mental fatigue, reduced activity and reduced motivation) are shown in boxplots, where arithmetic
means are shown in diamonds. Red dotted horizontal line denotes a change from baseline of
zero, i.e. no difference from baseline. Time of actual EoS visits ranged from 39 weeks to 154
weeks. Absence of EoS data for placebo patients are described in Materials and Methods section.
MFI = Multidimensional Fatigue Index. The figure for the last domain, physical fatigue, is
included in the main body of the manuscript.
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Supplementary Figure S2. Patient Global Assessment

Figure S2. Observed change from baseline in patient global assessment in visual analog scale (0
= no disease activity; 10 = maximal disease activity) are shown in boxplots, where arithmetic
means are shown in diamonds. Red dotted horizontal line denotes a change from baseline of
zero, i.e. no difference from baseline. Time of actual EoS visits ranged from 39 weeks to 154
weeks. Absence of EoS data for placebo patients are described in Materials and Methods section.
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Supplementary Figure S3. SF-36, Physical Component and Mental
Component

Figure S3. Observed change from baseline in physical (left) and mental component score (right)
of SF36 are shown in boxplots respectively, where arithmetic means are shown in diamonds. Red
dotted horizontal line denotes a change from baseline of zero, i.e. no difference from baseline.
Time of actual EoS visits ranged from 39 weeks to 154 weeks. Absence of EoS data for placebo
patients are described in Materials and Methods section.
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Supplementary Figure S4. Salivary flow rate

Figure S4. Observed percentage change from baseline in stimulated (top row) and unstimulated
(bottom row) salivary flow rates are shown in boxplots respectively, where arithmetic means are
shown in diamonds. Red dotted horizontal line denotes a change from baseline of zero, i.e. no
difference from baseline. Increasing in salivary flow rate indicates improvement in pSS patients.
Time of actual EoS visits ranged from 39 weeks to 154 weeks. Absence of EoS data for placebo
patients are described in Materials and Methods section.
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Supplementary Figure S5. Ocular Staining Score

Figure S5. Observed change from baseline in ocular staining score for left (top row) and right
eye (bottom row) are shown in boxplots respectively, where arithmetic means are shown in
diamonds. Red dotted horizontal line denotes a change from baseline of zero, i.e. no difference
from baseline. Decreasing in ocular staining score indicates improvement in pSS patients. Time
of actual EoS visits ranged from 39 weeks to 154 weeks. Absence of EoS data for placebo
patients are described in Materials and Methods section.
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Supplementary Figure S6. Free kappa, lambda Ig light chains

Figure S6. Observed percentage change from baseline in free kappa (left) and free lambda
(right) immunoglobulin (Ig) light chains are shown in boxplots respectively, where arithmetic
means are shown in diamonds. Red dotted horizontal line denotes a percent change from baseline
of zero, i.e. no difference from baseline. Time of actual EoS visits ranged from 39 weeks to 154
weeks. Absence of EoS data for placebo patients are described in Materials and Methods section.
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Supplementary Figure S7. Relationships between selected endpoints
at week 12 (left) and 24 (right).

Figure S7. Data were analyzed for potential relationship between PD data (B cell depletion and serum
BAFF levels) and clinical outcomes (ESSDAI, ESSPRI, SF-36 MCS and PCS, MFI, PGA and PhGA), for
the combined ianalumab treatment group only (too small sample size for two separate dose groups).
Statistically significant correlations were observed in the combined ianalumab treatment group between
baseline B cell counts and change from baseline in ESSPRI and PGA at Week 24. Change in other outcome
parameters (ESSDAI, PhGA and PROs) did not show a correlation with B cell parameters. No clinical
endpoints were found correlated with baseline BAFF levels.
Note: the pairwise Spearman correlation coefficients are coded via gradient colors from dark blue to white
to dark red representing a range from -1 to 0 to 1. The size of the circles is proportional to the absolute
value of the correlation coefficient.
Abbreviations: ESSDAI = EULAR Sjögren’s Syndrome Disease Activity Index, ESSPRI = EULAR
Sjögren’s Syndrome Patient Response Index, MCS = SF-36 medical component summary, PCS = SF-36
physical component summary, MFI = Multidimensional Fatigue Index, PHGA = Physician’s Global
Assessment, PAGA = Patient’s Global Assessment, baff_bsl_log = B-cell activating factor baseline log
value, bCell_bsl_log = B-cell baseline log value.
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Supplementary Figure S8. Severity of infusion-related reaction
versus baseline B cell count

Figure S8. Severity of infusion-related reactions (no reaction, mild or moderate AEs reported)
versus baseline B cell count by thee treatment groups. Baseline B cell count are shown in
boxplots for each treatment group and each severity level of infusion-related reactions, with
individual data points also shown.
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Supplementary Figure S9. Serum IgG and IgM

Figure S9. Observed values, in the unit of g/L, for IgG (left) and IgM (right) are shown in
boxplots respectively, where arithmetic means are shown in diamonds and normal limits are
shown via two horizontal dotted lines. Time of actual EoS visits ranged from 39 weeks to 154
weeks. Absence of EoS data for placebo patients are described in Materials and Methods section.
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Supplementary Figure S10. Post hoc analysis in ClinESSDAI

Figure S10: Change from baseline in ClinESSDAI (the ESSDAI without biological domain and
slightly different weights for the remaining domains) are shown in boxplots. Arithmetic means
are shown in diamonds in the boxplots. Red dotted horizontal line denotes a change from
baseline of zero, i.e., no difference from baseline. Time of actual EoS visits ranged from 39
weeks to 154 weeks. Absence of EoS data for placebo patients are described in Materials and
Methods section. ClinESSDAI = Clinical European League Against Rheumatism Sjögren’s
Syndrome Disease Activity Index.
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