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Objective. To evaluate the long-term effects of anifrolumab on hematologic and serologic parameters over four
years.

Methods. This analysis included 536 patients with moderate-to-severe systemic lupus erythematosus (SLE) who
received intravenous anifrolumab 300 mg (n = 358) or placebo (n = 178) in the 52-week, phase 3 TULIP-1/2 trials
(NCT02446912 and NCT02446899) and continued the same treatment in the 3-year, long-term extension (LTE,
NCT02794285), or would have done if not discontinued early; 369 patients entered the LTE. Changes from baseline
to week 208 in lymphocytes, hemoglobin, platelets, neutrophils, complement C3, C4, anti–double-stranded DNA
(dsDNA), and Igs were analyzed descriptively. British Isles Lupus Assessment Group–based Composite Lupus Assess-
ment (BICLA) response at week 52 was analyzed by treatment and lymphocyte, hemoglobin, and platelet normalization
in responders versus nonresponders, regardless of treatment.

Results. Numerically greater improvements from baseline in lymphocyte, hemoglobin, platelet, and neutrophil
levels were observed with anifrolumab over placebo. Comparing anifrolumab versus placebo, lymphocyte and hemo-
globin normalization rates were higher and platelet normalization was comparable. BICLA response was associated
with lymphocyte, hemoglobin, and platelet normalization over four years, regardless of treatment. Conversely, BICLA
responses were higher with anifrolumab versus placebo, irrespective of baseline lymphocyte, hemoglobin, and platelet
levels. Improvements in anti-dsDNA, C3, C4, and Igs from baseline were greater with anifrolumab versus placebo.

Conclusion. The normalization of hematologic parameters and sustained improvements in serologic markers sup-
port the long-term efficacy of anifrolumab in patients with moderate-to-severe SLE. Clinical response to anifrolumab
was associated with improvements in biomarkers, suggesting restoration of overall immune health.

INTRODUCTION

One of the early manifestations of systemic lupus erythema-

tosus (SLE) is hematologic involvement, which can present before

diagnosis per SLE classification criteria, predominates within the

first years of the disease, and can persist throughout the disease

course.1–3 The most frequent hematologic abnormalities among

patients include but are not limited to anemia (>50% of patients),

lymphopenia (20%–75%), thrombocytopenia (mild: 25%–50%;

severe: 10%), leukopenia (22%–42%), and neutropenia (20%–
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40%), which are associated with increased disease activity, infec-
tion risk, bleeding risk, and organ damage accrual.1,4–9 Patients
with SLE may also have increased infection risk due to conven-
tional immunosuppressive therapy, which can worsen disease-
associated T-cell and B-cell abnormalities, including CD8+ T-cell
exhaustion and impaired cytolytic function.10,11 Serologic bio-
markers of SLE are linked to disease activity and immune dysreg-
ulation, including complement proteins (C3 and C4), Igs (IgG, IgA,
and IgM), and autoantibodies (anti–double-stranded DNA [anti-
dsDNA], anti-RNP, and anti-Sjögren syndrome antibodies A/B
[anti-SSA/anti-SSB]).12 There is growing evidence that high type
I interferon (IFN) levels are a key driver in the pathogenesis of
active SLE, including hematologic abnormalities (lymphopenia,
anemia, thrombocytopenia, and neutropenia), low complement
levels, and the presence of autoantibodies including anti-dsDNA,
anti-SSA, and anti-RNP.13–16

Anifrolumab, a fully human IgGκ monoclonal antibody that
inhibits the type I IFN receptor, is a biologic therapy approved in
multiple countries for the treatment of patients with moderate-
to-severe SLE in addition to standard therapy.17–21 The phase
2 MUSE trial, three-year MUSE open-label extension trial, and
phase 3, placebo-controlled TULIP-1/2, and long-term extension
(LTE) trials demonstrated the safety and efficacy of anifrolumab,
with reduced disease activity and glucocorticoid (GC) use over
a period of up to four years.22–26 A post hoc analysis of the MUSE
trial showed that one year of anifrolumab treatment reversed SLE-
related lymphopenia, neutropenia, and thrombocytopenia,27

and an LTE analysis demonstrated greater improvements
in hematologic and serologic measures with anifrolumab
versus placebo.28 Because hematologic abnormalities in SLE
can persist for many years,1 we aimed to evaluate the long-term
impact of anifrolumab compared with placebo on hematologic
and serologic parameters over the four-year TULIP plus LTE
period.

MATERIALS AND METHODS

Study design and patients. Full details on the phase
3, randomized, placebo-controlled, double-blind TULIP-l
(NCT02446912), TULIP-2 (NCT02446899), and LTE
(NCT02794285) trials including the study designs, methods, pro-
cedures, and inclusion/exclusion criteria are previously
described.22–24 Briefly, eligible patients were adults (aged 18–70
years) with moderate-to-severe SLE receiving standard therapy
who fulfilled the 1997 American College of Rheumatology classifi-
cation criteria at TULIP-1/2 entry.23,24–29 During the LTE, investi-
gators were permitted to add or modify standard therapy, such
as tapering of immunosuppressants and GCs, which was
encouraged to reflect real-world practice but not required.22

Here, hematologic and serologic changes were analyzed in
patients who were randomized to receive intravenous anifrolumab
300mg or placebo in the TULIP-1/2 trials and who continued with

the same treatment in the LTE period, or would have continued if
not discontinued early (the combined TULIP + LTE population).22

Data for patients randomized to placebo in TULIP-1/2 who were
rerandomized to anifrolumab 300 mg in the LTE were not
included in this analysis. For key hematologic and serologic
assessments, the subgroup of patients who were randomized to
anifrolumab 300 mg or placebo in TULIP-1/2, continued in the
LTE, and received the same treatment in TULIP-1/2 and the LTE
(the LTE population) was also analyzed.22 The combined TULIP
+ LTE population and the LTE population are identical after LTE-
study entry (week 52).

This study was conducted in accordance with principles of
the Declaration of Helsinki and the International Conference on
Harmonisation Guidance for Good Clinical Practice. All patients
provided informed consent, and the study was approved by the
ethics committee or institutional review board.

Data collection. Baseline was defined as the last measure-
ment before randomization and investigational product administra-
tion on day 1 of the TULIP-1/2 trials. Hematologic and serologic
assessments were analyzed from blood samples collected at base-
line, every four weeks during the TULIP study period until week
52 (end of TULIP/LTE-entry),23,24 and during the LTE period at select
time points up to week 208 (end of LTE).22

Hematology. All hematologic parameters (lymphocytes,
hemoglobin, platelets, and neutrophils) were measured using
complete blood cell counts in the combined TULIP + LTE popula-
tion and in the LTE population. Mean changes from baseline were
assessed in prespecified analyses, and hematologic levels
were also stratified post hoc into the following subgroups: (1)
low (lymphocytes <1 10^9 cells [GI]/L; hemoglobin <120 g/L;
platelets <150 GI/L; and neutrophils <1.5 GI/L), (2) normal (lym-
phocytes ≥1 GI/L and <4 GI/L; platelets ≥150 GI/L and <450 GI/
L) or normal/high (hemoglobin ≥120 g/L; neutrophils ≥1.5 GI/L),
(3) high (lymphocytes ≥4 GI/L; platelets ≥450 GI/L), or (4)
withdrawal.

British Isles Lupus Assessment Group–based
Composite Lupus Assessment response. Normalization of
lymphocytes, hemoglobin, and platelets from baseline was ana-
lyzed post hoc by the British Isles Lupus Assessment Group
(BILAG)–based Composite Lupus Assessment (BICLA) response
at week 52 in the combined TULIP + LTE population only, regard-
less of treatment allocation. BICLA response was defined as all of
the following: reduction of any moderate-to-severe baseline dis-
ease activity as measured by changes in BILAG-2004 A and B
domain scores to B/C/D and C/D, respectively, with no worsen-
ing in any of the nine BILAG-2004 organ systems, no worsening
of the SLE Disease Activity Index-2000 (SLEDAI-2K) score from
baseline, no increase of ≥0.3 points in the Physician Global
Assessment (range 0–3) from baseline, no discontinuation of
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investigational product, and no use of restricted medications
beyond protocol-allowed thresholds.23 BICLA response rates at
week 52 were also analyzed by the treatment group and by sub-
groups with low or normal/high lymphocyte, hemoglobin, and
platelet levels at baseline.

Serology. Changes in serologic markers (C3, C4, IgG, IgA,
IgM, and anti-dsDNA) were measured using immunosorbent
assays. Mean changes from baseline in C3, C4, and anti-dsDNA
antibody levels were assessed in prespecified analyses in the
combined TULIP + LTE population and in the LTE population;
mean changes from baseline in IgG, IgA, and IgM levels were ana-
lyzed post hoc only in the combined population.

Statistical analysis. The following data were analyzed
using descriptive statistics: (1) baseline SLE-related treatments
and baseline hematologic and serologic assessments, (2) changes
from baseline in hematologic measures and serologic markers, and
(3) lymphocyte, hemoglobin, and platelet normalization from base-
line by the treatment group, and by BICLA response at week
52 irrespective of the treatment group. BICLA response rates at
week 52 by the treatment group and by lymphocyte, hemoglobin,
and platelet subgroups at baseline (low vs normal or normal/high)
were analyzed using a stratified Cochran–Mantel–Haenszel
approach, with stratification factors of SLEDAI-2K score at screen-
ing (10 points), week 0 GC dose (10 mg/day prednisone or equiva-
lent), and type I IFN gene signature test results at screening (high vs
low). Patients with missing data were included at each time point
for changes from baseline in hematologic and serologic measures.
Missing values for BICLA response at week 52 were imputed using
last observation carried forward (LOCF) unless week 48 data were
also missing, in which case nonresponder imputation was applied.
Data underlying the findings described in this manuscript may be
obtained in accordance with AstraZeneca’s data sharing policy
described at https://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure. Reuse is permitted only with permission
from AstraZeneca.

RESULTS

Baseline patient characteristics. A total of 536 patients
received anifrolumab 300 mg or placebo in the TULIP-1/2 studies
and continued the same treatment in the LTE, or would have done
if they had not discontinued early (anifrolumab 300 mg, n = 358;
placebo, n = 178; the combined TULIP + LTE population). Of these
patients, 369 entered the LTE (anifrolumab 300 mg, n = 257; pla-
cebo, n = 112; the LTE anifrolumab and LTE placebo groups,
respectively). Demographics, disease characteristics, and hemato-
logic and serologic assessments were generally balanced between
treatment groups at the start of the TULIP studies in the combined
TULIP + LTE population (Table 1) and in the LTE population
(Supplementary Table S1, which presents hematologic and some

serologic markers only, because demographics and clinical char-
acteristics, including levels of anti-dsDNA, C3, and C4 were previ-
ously published for this population22).

Table 1. SLE-related treatments, and hematologic and serologic
parameters at TULIP baseline in the combined TULIP + LTE groups*

Characteristic
Anifrolumab

300mg (n = 358)
Placebo
(n = 178)

Baseline SLE treatments
GCa

GC dose,b mg/day
≤10 169 (47.2) 88 (49.4)
≥10 189 (52.8) 90 (50.6)
Mean (± SD) 9.6 (9.9) 9.9 (8.7)

Immunosuppressants,
n (%)
Yes 172 (48.0) 90 (50.6)

Antimalarials, n (%)
Yes 242 (67.6) 134 (75.3)

Hematology parameters, n
(%) unless otherwise
stated

Lymphocytes
Mean (SD), GI/L 1.3 (0.7) 1.3 (0.6)
Low (<1 GI/L) 138 (38.5) 74 (41.6)
Normal (≥1 GI/L and <4
GI/L)

219 (61.2) 103 (57.9)

High (≥4 GI/L) 1 (0.3) 1 (0.6)
Hemoglobin

Mean (SD), g/L 125.1 (14.8) 126.7 (15.8)
Low (<120 g/L) 115 (32.1) 51 (28.7)
Normal/high (≥120 g/L) 243 (67.9) 127 (71.3)

Platelets
Mean (SD), GI/L 239.9 (78.3) 248.2 (76.5)
Low (<150 GI/L) 38 (10.6) 16 (9.0)
Normal (≥150 and <450
GI/L)

315 (88.0) 160 (89.9)

High (≥4 GI/L) 5 (1.4) 2 (1.1)
Neutrophils

Mean (SD), GI/L 3.8 (1.8) 4.1 (2.1)
Low (<1.5 GI/L) 1.1 (0.3) 1.1 (0.3)
Normal/high (≥1.5 GI/L) 3.9 (1.8) 4.2 (2.1)

Serology markers
Anti-dsDNA positivec

n (%) 165 (46.1) 69 (38.8)
Mean (SD), U/mL 129.6 (262.9) 115.3 (166.4)

Low C3c

n (%) 129 (36.0) 63 (35.4)
Mean (SD), g/L 0.7 (0.2) 0.7 (0.1)

Low C4c

n (%) 83 (23.2) 37 (20.8)
Mean (SD), g/L 0.07 (0.02) 0.07 (0.01)

IgGd, mean (SD), g/L 14.3 (5.2) 13.8 (4.8)
IgAd, mean (SD), g/L 3.1 (1.7) 3.0 (1.4)
IgMd, mean (SD), g/L 1.1 (0.9) 1.0 (0.6)

*C3, complement 3; C4, complement 4; dsDNA, double-stranded
DNA; GC, glucocorticoid; GI, 10^9 cells; LTE, long-term extension;
SLE, systemic lupus erythematosus.
aGC contains prednisone dose or equivalent.
bIncludes patients not taking GC at the corresponding visit
(0 mg/day).
cIncludes only patients with baseline positive anti-dsDNA or abnor-
mal C3 or C4 levels.
dMean (SD) calculated from n = 354 patients in the anifrolumab
group and n = 176 patients in the placebo group.
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Among the combined TULIP + LTE population at baseline,
thrombocytopenia was present in 11% and 9% of the anifrolumab
300 mg and placebo groups, respectively, and lymphopenia
present in 39% and 42%, respectively (Table 1). Low C4 levels
(23% and 21%) and positive anti-dsDNA levels (46% and 39%)
were present at baseline.

Lymphocyte levels over time. Overall, numerically
greater increases in mean lymphocyte levels were observed in the
combined anifrolumab versus the combined placebo group, irre-
spective of baseline lymphocyte levels (Figure 1A). For patients with
low lymphocyte levels at baseline (lymphopenia: <1 GI/L), patients
receiving anifrolumab had higher rates of lymphocyte normalization

compared with placebo, and this effect was maintained from week
4 (39.9%, n = 55 vs 27.0%, n = 20) through week 208 (39.9%,
n = 55 vs 12.2%, n = 9; Figure 1B). The percentage of patients with
persistent lymphopenia post-baseline tended to decrease over time
in both treatment groups. Similar trends were observed in the LTE
anifrolumab and placebo groups (Supplementary Figure S1).
Although the percentage of patients with baseline lymphopenia
who withdrew generally increased in both treatment groups over
time, withdrawal rates were numerically lower in the anifrolumab
group compared with placebo, and the treatment difference was
maintained from week 4 (0.7%, n = 1 vs 2.7%, n = 2) to week
208 (35.5%, n = 49 vs 54.1%, n = 40); withdrawal rates increased
over time in both treatment groups (Supplementary Figure S2).
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Figure 1. Effect of anifrolumab treatment on lymphocyte levels in the combined TULIP + LTE groups. (A) Change from baseline in lymphocyte
levels. (B) Proportions of patients with low or normalized lymphocyte levels over time in patients with lymphopenia at baseline. The proportions
of patients in panel B do not add up to 100% due to missing data. Baseline data only show proportions of patients with lymphopenia (low) or nor-
mal lymphocyte levels at baseline. Data for patients with high lymphocyte levels are not shown in this analysis. GI, 10^9 cells; LTE, long-term
extension.
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Hemoglobin levels over time. Numerically greater
increases in mean hemoglobin levels were observed with anifrolu-
mab combined group versus placebo combined group, irrespec-
tive of baseline levels (Figure 2A). For patients with low
hemoglobin levels at baseline (anemia: <120 g/L), a higher pro-
portion of anifrolumab-treated patients had normal/high hemo-
globin levels compared with placebo, and this effect was
maintained over time from week 4 (19.1%, n = 22 vs 17.6%,
n = 9) to week 208 (27.0%, n = 31 vs 13.7%, n = 7; Figure 2B).
Similar trends were observed in the LTE groups (Supplementary
Figure S3). Withdrawal rates in patients with anemia were numer-
ically lower in the anifrolumab group compared with placebo from
week 40 (12.2%, n = 14 vs 17.6%, n = 9) to week 208 (35.7%,
n = 41 vs 54.9%, n = 28), and rates increased over time in both
treatment groups (Supplementary Figure S4).

Platelet levels over time. Numerically greater increases in
mean platelet levels were observed early with anifrolumab versus
placebo in the combined groups, irrespective of baseline levels
(Figure 3A). For patients with low platelet levels at
baseline (thrombocytopenia: <150 GI/L), no clear trends were
observed for rates of platelet normalization in the anifrolumab and
placebo groups from week 4 (44.7%, n = 17 vs 50.0%, n = 8) to
week 208 (34.2%, n = 13 vs 31.3%, n = 5; Figure 3B); similar trends
were observed in the LTE groups (Supplementary Figure S5). With-
drawal rates in patients with thrombocytopenia generally increased
over time in both treatment groups; withdrawal rates were numeri-
cally higher with anifrolumab versus placebo as early as week
8 (2.6%, n = 1 vs 0%) up to week 88 (26.3%, n = 10 vs 18.8%,
n = 3) and were numerically lower with anifrolumab versus placebo
from week 104 to 208 (Supplementary Figure S6).
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Figure 2. Effect of anifrolumab treatment on hemoglobin levels in the combined TULIP + LTE groups. (A) Change from baseline in hemoglobin
levels. (B) Hemoglobin normalization over time in patients with anemia at baseline. LTE, long-term extension
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Normalization of lymphocyte, hemoglobin, and
platelet levels in BICLA responders versus
nonresponders. Among all of patients with “low” hematologic
parameters at baseline, normalization (low to normal or normal/
high) of lymphocytes, hemoglobin, and platelet levels at week
52 were associated with BICLA response (responders vs nonre-
sponders, lymphocytes: 56.1% [64 of 114] vs 33.8% [44 of
130]; hemoglobin: 33.0% [31 of 94] vs 20.2% [22 of 109]; plate-
lets: 57.6% [19 of 33] vs 40.0% [12 of 30]). The percentage of
patients with lymphocyte normalization from baseline was numer-
ically higher among BICLA responders versus nonresponders at
every visit from week 4 (36.2% [42 of 116] vs 30.5% [57 of 187])
to week 208 (76.5% [62 of 81] vs 50.9% [28 of 55]) (Figure 4A).
Rates of patients with hemoglobin normalization from baseline

were also higher in BICLA responders for most time points from
week 4 (18.6% [18 of 97] vs 17.7% [29 of 164]) to week
128 (54.3% [38 of 70] vs 39.1% [25 of 64]) (Figure 4B). Platelet
normalization rates from baseline were associated with BICLA
response during part of the LTE period from week 52 (57.6%
[19 of 33] vs 40.0% [12 of 30]) to week 128 (80.0% [16 of 20] vs
60.0% [12 of 20]) (Figure 4C).

BICLA response by the treatment group and by
lymphocyte, hemoglobin, and platelet levels at
baseline. At week 52, BICLA response rates were numerically
greater with anifrolumab versus placebo for all patients, irre-
spective of their hemoglobin, lymphocyte, or platelet levels at
baseline. In patients with lymphopenia, anemia, or
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Figure 3. Effect of anifrolumab treatment on platelet levels in the combined TULIP + LTE groups. (A) Change from baseline in platelet levels.
(B) Platelet normalization over time in patients with thrombocytopenia at baseline. No increases in mean platelet levels from baseline led to high
platelet counts above the normal range at any time point (ie, mean levels did not exceed ≥450 GI/L). GI, 10^9 cells; LTE, long-term extension

VITAL ET AL6 of 12



thrombocytopenia at baseline, percentages of BICLA
responders were 49.7% (69 of 138), 51.0% (58 of 115), and
42.1% (16 of 38) in the anifrolumab group versus 23.8% (33 of
138), 24.1% (28 of 114), and 40.6 (13 of 32) in the placebo

group, respectively (Supplementary Figure S7). In patients with
normal or normal/high lymphocyte, hemoglobin, and platelet
levels at baseline, BICLA response rates were 46.4% (102 of
220), 46.7% (113 of 243), and 48.3% (155 of 320) with
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Figure 4. Lymphocyte, hemoglobin, and platelet levels were associated with BICLA response, regardless of treatment: Association between
week 52 BICLA response and normalization (low to normal or high) of (A) lymphocytes, (B) hemoglobin, and (C) platelet levels over time, among
all patients with low baseline levels in the combined TULIP + LTE groups. BICLA, British Isles Lupus Assessment Group–based Composite Lupus
Assessment; LTE, long-term extension.
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anifrolumab versus 35.2% (78 of 222), 34.0% (83 of 246), and
30.0% (98 of 328) with placebo, respectively.

Neutrophil levels over time. Changes in mean neutro-
phil levels from baseline were numerically greater in the anifrolu-
mab combined group versus placebo combined group
irrespective of baseline levels from week 4 (mean ± SD change
from baseline: anifrolumab, 0.79 ± 1.86 GI/L; placebo, −0.004
± 1.74 GI/L) to week 208 (anifrolumab, 0.58 ± 2.37 GI/L; pla-
cebo, −0.18 ± 2.15 GI/L; Supplementary Figure S8A). Improve-
ments in patients with low baseline neutrophils (<1.5 GI/L) were
greater with anifrolumab versus placebo for most time points
and as early as week 4 (mean ± SD change from baseline: anifro-
lumab, 1.69 ± 1.45 GI/L; placebo, 0.07 ± 0.23 GI/L) through
week 64 (anifrolumab, 1.59 ± 0.76 GI/L; placebo, 1.46 ± 1.61
GI/L), and a similar trend was observed from week 104 to
208 (Supplementary Figure S8B). In patients with normal or high
baseline neutrophils (≥1.5 GI/L) changes from baseline were
greater with anifrolumab versus placebo for all time points as early
as week 4 (mean ± SD change from baseline: anifrolumab, 0.76
± 1.87 GI/L; placebo, −0.006 ± 1.77 GI/L) through week 208 (ani-
frolumab, 0.54 ± 2.39 GI/L; placebo, −0.24 ± 2.12 GI/L). Similar
trends were seen in the LTE groups (Supplementary Figure S9).

Changes in anti-dsDNA and complement levels
over time. Numerically greater reductions in mean anti-dsDNA
levels from baseline were observed with anifrolumab versus pla-
cebo as early as week 4 (mean ± SE change from baseline:
−5.55 ± 18.65 U/mL vs 50.0 ± 28.12 U/mL), and this trend was
maintained to week 208 (mean ± SE: anifrolumab, −22.1
± 45.64 U/mL; placebo, 15.57 ± 28.66 U/mL; Figure 5A) in the
combined TULIP + LTE groups. Improvements in mean C3 levels
from baseline were greater with anifrolumab versus placebo and
were maintained from week 4 (mean ± SE change from baseline:
0.08 ± 0.01 g/L vs 0.02 ± 0.01 g/L) to week 208 (mean ± SE:
0.19 ± 0.03 g/L vs 0.09 ± 0.06 g/L; Figure 5B). Greater improve-
ments in mean C4 levels from baseline were observed with anifro-
lumab versus placebo for most time points from week 4 (mean ±
SE change from baseline: 0.006 ± 0.002 g/L vs 0.003 ± 0.002
g/L) to week 208 (mean ± SE: 0.05 ± 0.01 g/L vs 0.01 ± 0.009
g/L; Figure 5C). Similar trends were seen in the LTE groups
(Supplementary Figure S10).

Changes in Ig levels over time. Numerically greater
reductions from baseline in mean IgG and IgA were observed over
time with anifrolumab versus placebo and were maintained from
week 24 to 208 (IgG mean ± SD change from baseline: −0.84
± 2.32 g/L vs 0.54 ± 2.16 g/L and −1.14 ± 3.21 g/L vs 0.34
± 2.61 g/L; IgA mean ± SD change from baseline: −0.14 ± 0.47
g/L vs 0.05 ± 0.48 g/L and −0.26 ± 0.71 g/L vs −0.07 ± 0.69
g/L). Reductions from baseline in mean IgM levels were lower with
anifrolumab compared with placebo for all time points up to week

104 (mean ± SD change from baseline: −0.06 ± 0.46 g/L vs
−0.009 ± 0.30 g/L).

DISCUSSION

Complex immune dysregulation perpetuates both disease
activity and risk of infection in patients with SLE.11 Existing thera-
pies targeting circulating immune cells directly may add to the
burden of immune suppression.1,6 More effective, well-tolerated,
targeted therapies that maintain disease control over time while
improving hematologic and serologic abnormalities are needed.
High type I IFN activity in SLE is associated with greater disease
activity, hematologic manifestations (lower hemoglobin and lym-
phocyte levels), and lower complement levels.14–16 Type I IFNs
have been shown to directly impact the metabolic fitness of
CD8+ T cells, resulting in reduced cell viability.30 Determining
whether hematologic involvement is disease related or due to
treatment side effects in patients with SLE may be challenging,
because standard immunosuppressives and GC therapies have
been associated with lymphopenia, anemia, and/or neutrope-
nia.1,6 With the exception of GC, concomitant use of standard
therapy was generally comparable during the LTE period between
the anifrolumab and placebo groups; further information on con-
comitant medications was previously reported in the LTE study.22

Anifrolumab is a first-in-class type I IFN receptor inhibitor
approved for treatment of moderate-to-severe SLE despite stan-
dard of care.17–21 This study evaluated hematologic and serologic
changes over four years with long-term anifrolumab treatment in
patients with moderate-to-severe SLE from the phase 3 TULIP-
1/2 and LTE trials.22–24 Our findings show that, compared with
placebo, patients receiving anifrolumab had early and greater
improvements in lymphocyte, hemoglobin, platelet, and neutro-
phil levels, which were sustained over the four-year TULIP + LTE
period. Long-term data reported here are valuable for physicians
treating patients with anifrolumab (in line with current EULAR rec-
ommendations31) for the management of this chronic, autoim-
mune disease.

In this study, the baseline rate of lymphopenia was generally
consistent with lymphopenia rates (20%–75%) commonly
observed in patients with SLE.1 However, baseline rates of ane-
mia and thrombocytopenia were all lower than the reported
hematologic manifestation rates observed in SLE (anemia:
>50%; mild and severe thrombocytopenia: 25%–50% and 10%,
respectively).1 In our study, higher rates of lymphocyte and
hemoglobin normalization were observed over time in
anifrolumab-treated patients compared with placebo; these treat-
ment differences were maintained until the end of the LTE, at year
4. Rates of patients with persistent lymphopenia or anemia who
remained in the study tended to decrease over the four-year
TULIP + LTE period in both treatment groups, although a higher
dropout rate was observed in patients receiving placebo plus
standard therapy. Long-term improvements in lymphocyte,
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Figure 5. Legend on next page.
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hemoglobin, and platelet levels from baseline were all numerically
greater with anifrolumab compared with placebo and were sus-
tained over four years. These findings are consistent with a MUSE
post hoc analysis, which showed that anifrolumab suppressed
inflammatory proteins associated with SLE disease activity, and
reversed lymphopenia, neutropenia, and thrombocytopenia.27

These results supplement the preliminary observations from the
TULIP-LTE analysis by showing long-term hematologic changes
over time, further supporting the hypothesis that blocking type I
IFN signaling with anifrolumab normalizes SLE-related hemato-
logic parameters in patients with SLE.28

Although there may be multiple mechanisms for neutropenia
in SLE, type I IFNs have been shown to promote cell death by fer-
roptosis.32 Increased neutrophil cell death also occurs via neutro-
phil extracellular traps (NETs), an interferogenic process, and
correlates with disease activity and cardiovascular risk.33,34 A
study of patients treated with anifrolumab in the MUSE trial
showed that one year of anifrolumab treatment significantly
reduced levels of NET complex markers that positively correlated
with an IFN gene signature, compared with placebo.33 Consistent
with these findings, a recent TULIP-1/2 study of the immunomod-
ulatory effects of anifrolumab demonstrated that NETosis path-
ways in SLE were downregulated with anifrolumab.35

Meanwhile, GC therapy is known to cause neutrophilia by
increased mobilization of neutrophils from bone marrow into cir-
culation and reduced migration into tissues.36 Our study shows
that anifrolumab-treated patients had greater neutrophil improve-
ments in the overall and high neutrophil subgroups compared
with placebo, and these improvements were sustained over the
entire four years of the TULIP + LTE period. Even though change
from baseline values in patients with neutropenia did not increase
over time, improvements from baseline with anifrolumab were
numerically greater versus placebo for most time points through-
out the study duration. Taken together, these results suggest a
mechanism by which anifrolumab may reduce neutrophil cell
death and may have implications for restoring neutrophil levels,
which are often dysregulated in the immunopathology of SLE.

Lymphopenia is a common hallmark of hematologic involve-
ment in patients with SLE that is significantly associated with dis-
ease activity, especially when occurring in conjunction with
thrombocytopenia, which independently associates with disease
activity.1,4–6 Importantly, the presence of lymphopenia associates
with infection risk, and thrombocytopenia associates with risk of
bleeding, organ damage, and death.4,5,7,9 In our analysis, the rate
of BICLA response was associated with lymphocyte, hemoglo-
bin, and platelet normalization over time, regardless of treatment
during the four-year TULIP + LTE period. These interesting

findings suggest that achieving a lower disease activity state con-
fers an overall improvement in SLE hematologic manifestations
and associated symptoms. To our knowledge, this is the first
report showing that, compared with nonresponders, more
patients who are BICLA responders can also achieve hemato-
logic improvements regardless of the treatment type and can sus-
tain these benefits of reduced disease activity over time.
Conversely, higher rates of BICLA response were associated with
anifrolumab treatment versus placebo, irrespective of hemato-
logic involvement at baseline, suggesting anifrolumab efficacy
over standard of care alone in reducing disease activity in both
subgroups of patients with hematologic involvement and in those
with normal hematologic parameters at baseline. This builds on
previous efficacy findings from the TULIP-1 and TULIP-2 trials,
which demonstrated higher BICLA rates with anifrolumab versus
placebo in patients with moderate-to-severe SLE.23,24

Type I IFNs play crucial roles in generation of germinal cen-
ters and B-cell differentiation to plasma cells.37 The presence of
autoantibodies including anti-dsDNA, anti-SSA, anti-SSB, and
anti-RNP are also linked to increased type I IFN levels in
circulation.14–16 Serologic assessments over time with long-term
anifrolumab treatment revealed that patients had numerically
greater anti-dsDNA, C3, and C4 improvements from baseline
compared with placebo, and the treatment benefit was main-
tained over time. Reductions in IgG over time were greater in
patients receiving anifrolumab compared with placebo, and
improvements were generally maintained. These inhibitory effects
of anifrolumab on IgG levels might suggest an indirect impact on
aberrant B-cell activity, and are supported by recently published
transcriptomic data, which showed downregulation of several
B-cell activating proteins associated with SLE during anifrolumab
treatment.35 These results support previous efficacy findings with
anifrolumab on disease activity, which showed greater BICLA
response rates in serologic subgroups of patients with active
SLE from the TULIP-1/2 trials,38 and are consistent with the
immunosuppressive mechanism of action of anifrolumab in
reducing type I IFN signaling and inhibiting autoantibody-
producing cells in SLE.17,39

Strengths of this study include the study duration, the
double-blinded trial design, and the number of time points to eval-
uate normalization of baseline hematologic parameters. This is the
longest randomized, placebo-controlled study to date that
directly compares hematologic and serologic effects of anifrolu-
mab plus standard therapy versus standard therapy alone. Limi-
tations of this study are the relatively small sample sizes and that
this study was not powered for statistical comparison of efficacy
of the studied outcomes between treatment groups. Another

Figure 5. Effects of anifrolumab treatment on serologic markers in the combined TULIP + LTE groups. Change from baseline in levels of (A) anti-
dsDNA, (B) C3, and (C) C4 over time among patients who were anti-dsDNA positive or had low C3 or C4 at baseline, respectively. C3, comple-
ment 3; C4, complement 4; dsDNA, double-stranded DNA; LTE, long-term extension.
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limitation that should be considered during interpretation of the
results from this LTE study is the potential survival bias, because
the rates of patients with persistent hematologic manifestations
could be expected to decrease over time. No imputation was per-
formed for patients who withdrew, and increasing dropout rates
were observed across both treatment groups for patients with
baseline lymphopenia, anemia, or thrombocytopenia over the
course of the LTE. Higher withdrawal rates were observed in
the placebo group compared with anifrolumab for all hematologic
measures reported (lymphocytes, hemoglobin, and platelets).
Additionally, there were no treatment differences in platelet nor-
malization rates over time between the anifrolumab and placebo
groups, which may be due to lower numbers of patients with
thrombocytopenia at baseline compared with the respective lym-
phocyte and hemoglobin analyses over time, so there remains
uncertainty over this effect.

Given the early, chronic, and IFN-related nature of hematologic
manifestations in SLE and the need for targeted therapies over the
extended disease duration, determining the long-term effects of ani-
frolumab on hematology is crucial. The results of this four-year, long-
term analysis support the preliminary efficacy findings from the
phase 2 MUSE trial of anifrolumab (greater SLE Responder Index-4
rates includingGC tapering),26 sustained SLEDAI-2K disease activity
improvements in the MUSE open-label extension study over three
years,25 and the hematologic and serologic efficacy of anifrolumab
in the MUSE post hoc analysis.27 This study builds on the founda-
tional evidence of anifrolumab efficacy seen in the previous phase
3 TULIP-1, TULIP-2, and TULIP-LTE trials (greater BICLA response
rates, reduced SLEDAI-2K scores over time, and lower GC
use),22–24 and further expands on the preliminary laboratory marker
analysis of the TULIP-LTE study.28 These data provide additional
support for the long-term efficacy of anifrolumab in patients with
active SLE,22,25,40 as shown by early and sustained improvements
in disease activity, hematologic manifestations, and serologic
markers over time. The observations here are consistent with earlier
experimental data indicating the role of type I IFNs in promoting the
hematologic and serologic abnormalities of SLE.13–16 Thus, anifrolu-
mab therapy may reduce pathogenic inflammation while also
improving biomarkers that denote overall immune health. These
improvements may be relevant to a wider range of other long-term
outcomes important to patients’ health and quality of life.
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