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Treatment-refractory lupus nephritis (LN) has a high risk of a poor outcome

and is often life-threatening. Here we report a case series of six patients (one
male and five females) with a median age of 41.3 years (range, 20-61 years)
withrefractory LN who received renal biopsies and were subsequently
treated with intravenous daratumumab, an anti-CD38 monoclonal antibody
(weekly for 8 weeks, followed by eight biweekly infusions and up to eight
monthly infusions). One patient did not show any improvement after

6 months of therapy, and daratumumab was discontinued. In five patients,
the mean disease activity, as assessed by the Systemic Lupus Erythematosus
Disease Activity 2000 index, decreased from 10.8 before treatment to 3.6
at12 months after treatment. Mean proteinuria (5.6 g per 24 hto 0.8 g per
24 h) and mean serum creatinine (2.3 mg dl" to 1.5 mg dI™) also decreased
after 12 months. Improvement of clinical symptoms was accompanied

by seroconversion of anti-double-stranded DNA antibodies; decreasesin
median interferon-gamma levels, B cell maturation antigen and soluble
CD163 levels; and increases in C4 and interleukin-10 levels. These data
suggest that daratumumab monotherapy warrants further explorationasa
potential treatment for refractory LN.

Lupus nephritis (LN) occursin 35-45% of patients with systemic lupus
erythematosus (SLE) and still represents a challenge to clinicians'.
Both the European League Against Rheumatism (EULAR)/European
Renal Association (ERA)-European Dialysis and Transplant Association
(EDTA) and Kidney Disease: Improving Global Outcomes (KDIGO) rec-
ommendationsindicate either mycophenolate mofetil (MMF) or cyclo-
phosphamide (CYC) givenintravenously twice amonth for 3 monthsin
combinationwith three pulses of methylprednisolone, followed by slowly
taperingoral prednisone, to be the standard of care (SOC) for remission
induction. However, thereis a consistent minority of patients who donot
achieve complete renal response and are classified as refractory.
Refractory LN is commonly defined as either no response to
SOC-that s, failure to improve within 3-4 months or not achieving

partial response after 6-12 months—or complete response to SOC
after 2 years of treatment’. A more comprehensive definition should
include the double attempt with both MMF-based and CYC-based
regimens®. However, concerns arise on the possible adverse
effects of a prolonged ineffective immunosuppression, even
though LN must require a relatively long time to achieve response,
especially in patients with nephrotic-range proteinuria at base-
line who often need up to 12 more months to achieve complete
clinical response.

The equivalence between MMF-based and CYC-based regimens
as SOC is still debated. Some evidence suggests differing efficacies
of the MMF-based regimen and the CYC-based regimen in different
ancestries®*. Moreover, the equivalence of the EULAR scheme® and
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Fig.1|Laboratory profiles. Trend of proteinuria, sCr, C3 and C4 in responder patients at baseline and at 3 months, 6 months and 12 months. n = 5 biologically
independent samples were used for each determination (one per patient/timepoint). Box plots show median and 1st-3rd interquartile range; whiskers indicate

minimum-maximum. P< 0.05 was considered significant. uPt, proteinuria.

the National Institutes of Health protocol* is still a controversial topic.
Low-dose MMF + tacrolimus has also been shown to be as effective as
intravenous CYC in induction and maintenance therapy in a Chinese
cohort’. Ongoing studies will clarify the role of the multi-target therapy
in ethnically diverse populations.

Developing specific treatment strategies for refractory LN is
important to limit the risks of poor outcome, and several potential

alternative options have been under investigation (proteasome inhibi-
tors, plasma exchange and stem cell transplantation®).

In a recent randomized controlled trial, the anti-BLyS monoclo-
nal antibody belimumab was evaluated as an add-on-therapy™. This
prompted consideration of the use of belimumab incombination with
SOC in the management of difficult cases of LN, albeit the effects of
belimumab in heavy proteinuria seem to be notimpressive.
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Fig.2|Serum concentrations of the INF-y (shown as median and interquartile
range), IL-10, sSBCMA and sCD163 and scatter dot plots with results shown as
median and range. *P < 0.05.TO, baseline; T6, 6 months; T12,12 months.n =5
biologically independent samples were used for each determination (one per

1
sCD163
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ng ml™’
patient/timepoint). The Wilcoxon matched-pairs signed-rank test was applied
toinvestigate variations in parameters after treatment. P < 0.05 was considered
significant.

Voclosporin is a new generation calcineurin inhibitor that
decreases interleukin-2, interferon-gamma (INF-y) and tumor necro-
sis factor-alpha (TNF-a) production by T cells. In the AURORA trial®,
patients given voclosporin on top of steroids and MMF achieved a
significantly higher rate of complete renal response compared to
patients receiving placebo plus MMF-based SOC.

In the TULIP-LN trial®, anifrolumab, a monoclonal antibody
directed atinterferon-alpha (INF-a) and beta receptor subunit 1, given
atgreater dose than that approved by the US Food & Drug Administra-
tion (FDA) for the treatment of non-renal SLE, was found to achieve more
complete renal response than placebo when added to MMF-based SOC.
A phase 3 trial is ongoing. In patients with LN treated with anti-CD20
depleting agents, a considerable variability in peripheral blood B cell
depletion can be observed. Reaching complete peripheral depletion,
together with a prolonged duration of complete peripheral depletion
(>71d), have been associated with complete response’. This goal has
been obtained by a short-term intensified B cell depletion therapy
(IBCDT) protocol®” consisting of acombination therapy of rituximab
(RTX) (four weekly doses of 375 mg m™2, followed by two further doses
after1 month and 2 months) and CYC given at sub-immunosuppressive
doses (two pulses 10 mg kg™ reduced by 30% in patients with impaired
renal function) aimed at potentiating the B-cell-depleting effects of RTX.
This combined regimen proved to be highly effective even in the long
term (5.5 years, range, 3.7-7 years) withoutimmunosuppressive mainte-
nance therapies>* . A prolonged B cell depletion can also be achieved
by the type Il monoclonal antibody anti-CD20 obinutuzumab, which
reduces CD20 internalization and does not elicit CD20 redistribution'®,

An approach that selectively depletes plasma cells secreting the
pathogenic antibodies would be a substantial advance in the SLE set-
ting®. CD38 is highly expressed on the surface of many immune cells,
especially plasma cells (PCs), and a cell-type-specific dysregulation
of CD38 expression has been observed in patients with SLE. Daratu-
mumab, which is a recently emerged monoclonal antibody directed
at CD38, has been shown to deplete highly expressing CD38 PCs in
the bone marrow. Data regarding the efficacy of daratumumab in
SLE are presently limited to two patients with refractory disease who
were reported to be successfully treated with this agent in addition
to receiving continued immunosuppression and complemented by
maintenance therapy with the antibody belimumab®.

In this case series, we evaluated the efficacy and safety of dara-
tumumab given without any other immunosuppressant or agents
targeting B-cell-activating factor in a discrete cohort of patients with
refractory LN, astill unexplored setting of patients,inwhom SOC and
rescue treatments had failed.

Results
We present six cases of refractory LN (one male and five females),
median age 41.3 years (range, 20-61 years), treated with daratumumab

monotherapy as a rescue therapy. One patient did not show clinical
response after 6 months of therapy, and daratumumab was discon-
tinued. Five patients continued to be treated, reaching a12-month
observation with 22 infusions. Renal biopsy performed before dara-
tumumab starting revealed a class IV LN in one patient, a class VLN
in one patient, a class Il + VLN in one patient and aclass IV+ VLN in
the other two. At the time of treatment beginning, the mean serum
creatinine (sCr) value was 2.3 mg dI* (range, 0.6-7 mg dI"); the mean
estimated glomerular filtration rate (éGFR) was 62 ml/min/1.73 m?
(range, 9-111 ml/min/1.73 m?); and the mean proteinuria was 5.6 g per
24 h (range, 2-9.8 g per 24 h). At 3 months, all of these five patients
achieved an overall response—specifically, three patients achieved
a complete renal response, and the other two achieved a partial
renal response. A significant decrease in proteinuria from 5.6 g per
24hto00.59 gper24h,0.9 gper24hand 0.8 g per24 h (P=0.0010)
at 3 months, 6 months and 12 months, respectively, was observed
(Fig.1). The mean value of sCr decreased from 2.3 mg dlI™ to 1.5 mg dI™
(P=0.98) at 12 months (Fig. 1). Of note, two patients experienced a
mild rise in sCr (in one case transient); two patients experienced a
decrease in sCr; and in one patient, no change was observed. C3 and
C4levelsincreased from 72.8 (range, 20-99) t0 101.6 (range, 78.0-135)
mg dI™ (P=0.16) (Fig. 1) and from 9.4 (range, 5-14) to 20.4 (range,
13-30) mg dI™' (P=0.0182), respectively (Fig.1). A decrease inimmu-
noglobulin G (IgG) mean levels from 971.7 mg dI™* (range, 251-1546)
to 512.3 mg dI”* (range, 88-957), 481.7 (range, 84-878) mg dl' and
508.4 mg dI™ (range, 192-685) at 3 months, 6 months and 12 months,
respectively, was observed.

The median INF-y values decreased from 13.43 pg ml™ to
1.84 pg mI™ (P=0.0006). Interleukin (IL)-10 level increased from
113.56 pg ml™ t0 1,123.50 pg ml™ (P= 0.0005). Serum B cell matura-
tionantigen (sSBCMA) and soluble CD163 decreased from 451.34 ng mI™*
to 64.45 ng ml™ (P=0.0005) and from 467.20 pg ml™ to 71.45 pg ml™*
(P=0.045), respectively (Fig. 2).

Patients were monitored for percentage of CD38" cells in the
peripheral blood, and CD38" cells were undetectable for the time of
treatment.

The Systemic Lupus Erythematosus Disease Activity 2000
(SLEDAI-2K) index decreased from 10.8 at baseline to 5.6 and 3.6 at
6 months and 12 months, respectively (P=0.03).

As shown in Fig. 1c, sSBCMA had a good correlation (Spearman
correlation coefficient (rs) = 0.4539) with disease activity, whereas
sCD163 (rs = 0.3851), IL-10 (rs = 0.3117) and IFN-y (rs = 0.2327) showed
alower correlation with SLEDAI-2K. The correlation between sSBCMA
and IFN-y, sCD163 and IL-10 is shown in Fig. 3.

Anti-DNA antibodies decreased from157 IU L to 12 IUL™ (P=0.03)
(Fig.1e). Two patients experienced an asymptomatic severe acute res-
piratory syndrome coronavirus 2 (SARS-Co-2) infection (patient (Pt)
1after the 12th administration and Pt 4 after the 10th administration)
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sBCMA and the cytokines IFN-y, sCD163 and IL-10. Bottom panel: Serum levels
of anti-dsDNA (scatter dot plots with results shown as median and range).

TO, baseline; T3, 3 months; T6, 6 months; T12,12 months. The Spearman rank
correlation coefficient (rs) was used to assess correlations between parameters.
P <0.05was considered significant.

without effects onrenal response. In one of them (Pt 4), after infection,
anti-double-stranded DNA (dsDNA) antibodies turned to positive. In
the otherone (Pt1),atemporaryincrease of antibody anti-dsDNA titer
and proteinuria level was observed after coronavirus disease 2019
(COVID-19) vaccination (after the 17th administration).

Allfive patients had a persistent response at the last visit. Pt 2, who
achieved acompleterenal response at 3 months, needed atemporary
treatment discontinuation due to a miscarriage with subsequent new
flare of the SLE. After restarting daratumumab, the patient achieved a
partial renal response with a progressive decrease in proteinurialevel
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(from 5.3 g per 24 h to 0.8 g per 24 h at the 18th administration) and
persistent normal renal function.

No serious adverse event (that is, requiring hospitalization)
was recorded. One patient (Pt 4) reported mild redness of the face
associated with awarm sensation during the firstinfusion. The symp-
tomsresolved spontaneously without the need for specific treatments.

At 12 months, the residual dose of prednisone in these patients
was 5 mg per day.

Discussion

The main challenges in the treatment of severe LN are achieving a
prompt response within months, maintaining this response and
avoiding flares, preventing renal impairment in the long term, avoid-
ing damage and comorbidities and fulfilling these objectives assuring
amaximal quality of life.

Patients for whom the first-line treatment with SOC (MMF and
CYC/azathioprine) failed or resulted in an inadequate response are
considered as having a refractory disease. This condition is associated
with poor outcome, including end-stage renal disease’. This is why it
is of upmost importance to develop specific treatment strategies for
these patients®.

No agreement exists on the definition of ‘refractory LN’. Refrac-
toriness should be fully determined by persistent histologic signs of
activity despite putatively effective therapy. However, thereisalatency
between achieving clinical remission and substantial changes of histo-
logic features. For this reason, refractory LN continues to be defined
on a clinical ground. Several factors may contribute®’, such as poor
medicationadherence, poor tolerability of therapy and adverse events
and delayed patient referral causingirreversible injuries prevailingin
the clinical picture. Geographic, ethnic, genetic and other epidemio-
logical factors can also influence treatment response. However, the
choice of theimmunosuppressive treatment plays animportantrole.
Forinstance, protocols based on higher-dose oral glucocorticoids have
better response rates but at the price of higher toxicity?.

Additionally, none of currently available treatments, including
standard MMF-based and CYC-based regimens, multi-target and
add-ontherapies (anti-BLyS, anti-INF, old and novel anti-CD20 mono-
clonal antibodies and voclosporin) and rescue therapies, including
proteasome inhibitors, plasma exchange and stem cell transplanta-
tion, is able to assure long-lasting complete response in the totality
of patients, and the issue of refractoriness to both conventional and
rescue therapy, albeit limited to arestricted number of cases, remains
achallenge for clinicians.

A growing body of evidence is supporting the rationale of an
anti-CD38 strategy in these cases. CD38 is a glycoprotein expressed
on the surface of many leucocytes participating in different cellular
activities, including signal transduction, cell adhesion and calcium
signaling®. Patients with SLE have been observed to present with
abnormalities of CD38 expression when analyzed at cell-type-specific
level®. Plasma cells express CD38, and the monoclonal antibody daratu-
mumab was found to be effective in depleting bone marrow CD38" PCs.

The use of daratumumab combined with belimumabinaddition to
continued standard immunosuppression has beenrecently explored
in two patients with refractory SLE" with promising results.

In the present study, six patients with refractory LN treated with
daratumumab monotherapy are reported. They include one male
and five females who had previously received SOC and several rescue
therapies.

Five of six patients had a clinical response at 6 months and reached
a12-month observation period. All five showed a significant reduc-
tion of proteinuria, animprovement of renal functionand anincrease
of complement component levels, especially C4. The evaluation of
SLEDAI-2K profiles confirmed the clinical effectiveness of the treatment
in these patients. Regarding other non-conventional biomarkers, the
decrease of INF-y levels was especially relevant. Due to the influence

ofendogenousIFNinducers®, the activation of diverse IFN-producing
cells” and agenetic setup favoring IFN production®, SLE is character-
ized by an activation of the IFN system with an increased expression
of IFN-regulated genes that promote a continuous stimulation of the
immune system?. Our data suggest that daratumumab can interrupt
the ongoing production of IFN-y that sustains the autoimmune pro-
cess in SLE. Receptor sBCMA, which is known to be increased in SLE
(together with its ligands sAPRIL and sBAFF) also markedly dropped
under daratumumab. Receptor sSBCMA is strongly related to disease
activity®®. Asignificantincrease inIL-10 levels was detected after dara-
tumumab. IL-10 has pleiotropic effects in immunoregulation and
inflammation. It downregulates the expression of Th1 cytokines and
MCHC class Il antigens, blocks NF-kB activity, regulates the JAK-STAT
signaling and decreases the expression of co-stimulatory molecules on
macrophages”. Our dataalso showed asignificant decrease in sCD163
after daratumumab treatment. Soluble CD163 results from the
enzymatic release of monocyte and macrophage cell membrane
CD163 under inflammatory conditions®. Notably, sCD163, IFN-y, IL-10
and BCMA were correlated with each other, and, most importantly,
SLEDAI-2K values were directly correlated with IFN-y, sSBCMA and
sCD163 levels and inversely correlated with IL-10.

Anti-DNA antibodies showed a relative delay in dropping under
daratumumab, and a transitory increase in anti-DNA levels could be
detected in coincidence with a SARS-CoV-2 infection and vaccina-
tion. Anti-DNA antibodies are mainly produced by B lymphocytes,
and short-lived PCs, which are targeted by anti-CD20 monoclonal
antibodies, are strongly influenced by anti-BLISS monoclonal antibod-
ies but only indirectly influenced by anti-CD38 agents. That possibly
explains the susceptibility of patients under daratumumab treatment
to develop anti-DNA antibodies after strong immunological triggers,
such as SARS-CoV-2 infection or vaccination. Nevertheless, abolish-
ingthe pleiotropicaction of CD38 together with the decrease of IFN-y
production, SBCMA and sCD163 dropping and IL-10 increase likely
provide for a rebalancing of the immune system and stabilization of
clinical manifestations despite the latency of anti-DNA disappearance.

Our study has several limitations. First, albeit in our experience
daratumumabwas well tolerated, long-term dataare needed to confirm
the overall safety profile in the setting of SLE. Nevertheless, despite
someintrinsic differences also due to the concomitant therapies used,
our observation is in line with the overall good tolerability observed
in the hematology/oncology use®-*. Second, our results need to be
confirmed in adequately designed trials to reduce the potential bias
related to patient selection, impact of previous and ongoing treatments
(including intravenous steroids given concomitant to daratumumb as
premedication) and the non-randomized design. In addition, future
studies should consider alarger set ofimmunological parameters (at
both serological and cellular levels) to improve understanding of the
daratumumab-related impact on the immune system. Currently, a
mono-center, open-label study to evaluate the safety and efficacy of
daratumumab in combination with standard background therapy in
participants with moderate to severe SLE (DARALUP, ClinicalTrials.
gov identifier: NCT04810754) is ongoing. The therapeutic targeting
of CD38 is anticipated to have impacts on different levels of immune
response because of its expression and function in several immune
cells. Among others, natural killer (NK) cells primarily express CD38ina
constitutive way**; hence, itis presently debatable how inhibiting CD38
would affect NK cells. Research into PC dyscrasias revealed that the
processes set off by anti-CD38 monoclonal antibodies ultimately cause
the immune system to be activated against myeloma cell growth®.
Further research is necessary to examine how daratumumab affects
NK cells in the specific setting of SLE.

Daratumumab proved to be well tolerated and safe in the patients
treated in this study. Two patients who had SARS-CoV-2 infections dur-
ing the treatment recovered without sequelae. That was not surpris-
ing because daratumumab does not affect B cells, which are the main
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defenders against newly emerging infections. Finally, one patient, who
completed the entire course of daratumumab (thatis, 24 infusions) and
hasbeen further followed for 6 months after daratumumab discontinu-
ationwithoutreceiving any furtherimmunosuppressant regimen, still
presents with stable renal functionand amoderate proteinuria, which
may be the expression of residual fibrotic sequelae.

In summary, daratumumab could be a new effective therapeutic
tool for the management of refractory LN and warrants further study.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability areavailable at https://doi.org/10.1038/s41591-023-02479-1.

References

1. Kaul, A. et al. Systemic lupus erythematosus. Nat. Rev. Dis. Prim. 2,
16039 (2016).

2. Roccatello, D., Sciascia, S., Rossi, D. & Fenoglio, R.

Refractory systemic lupus erythematosus: identification and
pharmacological management. Drugs 83, 117-134 (2023).

3. Yee, C.S. etal. EULAR randomised controlled trial of pulse
cyclophosphamide and methylprednisolone versus continuous
cyclophosphamide and prednisolone followed by azathioprine
and prednisolone in lupus nephritis. Ann. Rheum. Dis. 63,
525-529 (2004).

4. Austin, H. A. lll et al. Therapy of lupus nepbhritis. Controlled trial
of prednisone and cytotoxic drugs. N. Engl. J. Med. 314,

614-619 (1986).

5. Mok, C.C., To,C.H., Yu,K. L. & Ho, L. Y. Combined low-dose
mycophenolate mofetil and tacrolimus for lupus nephritis with
suboptimal response to standard therapy: a 12-month prospective
study. Lupus 22, 1135-1141 (2013).

6. Walhelm, T. et al. Clinical experience of proteasome inhibitor
bortezomib regarding efficacy and safety in severe systemic
lupus erythematosus: a nationwide study. Front. Immunol. 12,
756941 (2021).

7.  Loo, C.Y.etal. Immunoadsorption and plasmapheresis are
equally efficacious as adjunctive therapies for severe lupus
nephritis. Transfus. Apher. Sci. 43, 335-340 (2010).

8. Kronbichler, A., Brezina, B., Quintana, L. F. & Jayne, D. R. Efficacy
of plasma exchange and immunoadsorption in systemic lupus
erythematosus and antiphospholipid syndrome: a systematic
review. Autoimmun. Rev. 15, 38-49 (2016).

9.  Yuan, X. &Sun, L. Stem cell therapy in lupus. Rheumatol.
Immunol. Res. 3, 61-68 (2022).

10. Navarra, S. V. et al. Efficacy and safety of belimumab in patients
with active systemic lupus erythematosus: a randomised,
placebo-controlled, phase 3 trial. Lancet 377, 721-731
(20M).

1. Rovin, B. H. et al. A secondary analysis of the Belimumab
International Study in Lupus Nephritis trial examined effects
of belimumab on kidney outcomes and preservation of kidney
function in patients with lupus nephritis. Kidney Int. 101, 403-413
(2022).

12. Rovin, B. H. et al. Efficacy and safety of voclosporin versus
placebo for lupus nephritis (AURORA 1): a double-blind,
randomised, multicentre, placebo-controlled, phase 3 trial.
Lancet 397, 2070-2080 (2021). Erratum in: Lancet 397, 2048
(2021).

13. Chatham, W. W. et al. Long-term safety and efficacy of
anifrolumab in adults with systemic lupus erythematosus: results
of a phase Il open-label extension study. Arthritis Rheumatol. 73,
816-825 (2021). Erratum in: Arthritis Rheumatol. 73, 1570 (2021).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Gomez Mendez, L. M. et al. Peripheral blood B cell depletion after
rituximab and complete response in lupus nephritis. Clin. J. Am.
Soc. Nephrol. 13, 1502-1509 (2018).

Roccatello, D. et al. A 4-year observation in lupus nephritis
patients treated with an intensified B-lymphocyte depletion
without immunosuppressive maintenance treatment—

clinical response compared to literature and immunological
re-assessment. Autoimmun. Rev. 14, 1123-1130 (2015).
Roccatello, D., Sciascia, S., Fenoglio, R. & Rossi, D. A new
challenge for lupus nephritis management: induction therapy
without immunosuppressive maintenance regimen. Autoimmun.
Rev. 20,10284 (2021).

Roccatello, D. et al. A prospective study on long-term clinical
outcomes of patients with lupus nephritis treated with an
intensified B-cell depletion protocol without maintenance
therapy. Kidney Int. Rep. 6, 1081-1087 (2021).

Furie, R. A. et al. B-cell depletion with obinutuzumab for the
treatment of proliferative lupus nephritis: a randomised,
double-blind, placebo-controlled trial. Ann. Rheum. Dis. 81,
100-107 (2022).

Ostendorf, L. et al. Targeting CD38 with daratumumab in
refractory systemic lupus erythematosus. N. Engl. J. Med. 383,
1149-1155 (2020).

Arora, S. & Rovin, B. H. Expert perspective: an approach to
refractory lupus nephritis. Arthritis Rheumatol. 74, 915-926
(2022).

Yo, J. H., Barbour, T. D. & Nicholls, K. Management of refractory
lupus nephritis: challenges and solutions. Open Access
Rheumatol. 11, 179-188 (2019).

Roccatello, D. et al. CD38 and anti-CD38 monoclonal antibodies
in AL amyloidosis: targeting plasma cells and beyond. Int. J. Mol.
Sci. 21, 4129 (2020).

Burns, M. et al. Dysregulated CD38 expression on peripheral
blood immune cell subsets in SLE. Int. J. Mol. Sci. 22, 2424 (2021).
Bennett, L. et al. Interferon and granulopoiesis signatures in
systemic lupus erythematosus blood. J. Exp. Med. 197, 711-723
(2003).

Baechler, E. C. et al. Interferon-inducible gene expression
signature in peripheral blood cells of patients with severe lupus.
Proc. Natl Acad. Sci. USA 100, 2610-2615 (2003).

Crow, M. K., Kirou, K. A. & Wohlgemuth, J. Microarray analysis of
interferon-regulated genes in SLE. Autoimmunity 36, 481-490
(2003).

Ronnblom, L. & Leonard, D. Interferon pathway in SLE: one key to
unlocking the mystery of the disease. Lupus Sci. Med. 6, e000270
(2019).

Salazar-Camarena, D. C., Palafox-Sanchez, C. A., Cruz, A.,
Marin-Rosales, M. & Mufoz-Valle, J. F. Analysis of the receptor
BCMA as a biomarker in systemic lupus erythematosus patients.
Sci. Rep. 10, 6236 (2020).

Saraiva, M., Vieira, P. & O'Garra, A. Biology and therapeutic
potential of interleukin-10. J. Exp. Med. 217, e20190418 (2020).
Etzerodt, A. & Moestrup, S. K. CD163 and inflammation: biological,
diagnostic, and therapeutic aspects. Antioxid. Redox Signal. 18,
2352-2363 (2013).

Palumbo, A. et al. Daratumumab, bortezomib, and
dexamethasone for multiple myeloma. N. Engl. J. Med. 375,
754-766 (2016).

Zambello, R., Barila, G., Manni, S., Piazza, F. & Semenzato, G. NK
cells and CD38: implication for (immuno)therapy in plasma cell
dyscrasias. Cells 9, 768 (2020).

de Weers, M. et al. Daratumumab, a novel therapeutic human
CD38 monoclonal antibody, induces killing of multiple myeloma
and other hematological tumors. J. Immunol. 186, 1840-1848
(20Mm).

Nature Medicine | Volume 29 | August 2023 | 2041-2047

2046


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-023-02479-1

Article

https://doi.org/10.1038/s41591-023-02479-1

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2023

Nature Medicine | Volume 29 | August 2023 | 2041-2047

2047


http://www.nature.com/naturemedicine
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Article

https://doi.org/10.1038/s41591-023-02479-1

Methods

The entire series of patients comprises six adults with refractory LN
who received daratumumab monotherapy. The results refer to the
five patients reaching a 12-month follow-up from starting therapy
and one patient who discontinued the treatment due to the absence
of clinical response at month 6. All patients fulfilled the American
College of Rheumatology classification criteria for SLE and had severe
biopsy-proven renal involvement. Renal biopsy classification was
performed as described in the 2003 International Society of Nephrol-
ogy/Renal Pathology Society classification®*. First-line treatment with
SOC (MMF and CYC/azathioprine) failed in these patients. Addition-
ally, as detailed in Table 1, previous treatments with rescue therapies
(including RTX, belimumab, ocrelizumab and intravenous IgG) did not
induce a clinical response. Patients who were given anti-B cell treat-
ments (including CYC) were declared to be resistant after 26 months
of observation after the therapeutic regimen.

The planned therapeutic protocol of daratumumab monotherapy
consisted of 16 mg kg™ weekly intravenous administrations for eight
consecutive weeks and then every 2 weeks for eight more times and
then monthly for another eight times. Premedication included par-
acetamol 1,000 mg (oral), chlorphenamine 10 mg (intravenous) and
methylprednisolone 125 mg (intravenous).

Renal response was stratified as (1) complete renal response: pro-
teinuria <0.5 g per 24 h, normal or near-normal eGFR (within 10% of
normal eGFRif previously abnormal); (2) partial renal response: >50%
reduction in proteinuria to sub-nephrotic levels (<3.5 g per 24 h) and
normal or near-normal eGFR; and (3) no renal response: all the other
cases’. The SLEDAI-2K index was calculated at each appointed visit as
previously described®. Sex and/or gender of participants was deter-
mined based on self-report.

This study was conducted according to the Piedmont and Aosta
Valley (Northwest Italy) legislation for Rare Diseases (N.1577/UC/SAN
0f11.10.2005 based on Regional Government Act 23 April 2007 dealing
with Rare Diseases; article.1: 796 paragraph Z Law Number 296 of 2006.
Number 5-5740). Ethical Committee approval number 00323/2020
(Il Comitato Etico Interaziendale A.O.U. Citta della Salute e dellaScienza
diTorino-A.O.Ordine Mauriziano-A.S.L. Citta di Torino). The study was
conducted according to the Declaration of Helsinki, and each patient
provided written consent to participate. Patients were not treated as
apartofatrial.

Cytokine and soluble receptor serum testing

Theserum of enrolled patients was collected at enrollment and during
the follow-up and stored at —20 °C. Cycles of repeated freezing and
thawing were avoided. sBMCA levels (detection limits 10 pg mI™) were

assessed by ELISA (R&D Systems). The serum levels of soluble CD163,
IL-10 and IFN-y were tested by a Bio-Plex Pro Human Cytokine Panel kit
(Bio-Rad) according to the manufacturer’s protocols.

Statistical analysis

Normality of data distributions was assessed by the Shapiro-Wilk test.
Categorical variables are shown as absolute values and percentages,
and continuous variables are reported as medians and minimum-
maximum range. The Spearman rank correlation coefficient was used
to assess correlations between parameters. The Wilcoxon matched-
pairs signed-rank test was applied to investigate variations in param-
eters after treatment. Data were collected in Excel (Microsoft Office
version16.74). Data analysis was completed using SPSS version 28 (IBM
Corporation) and GraphPad Prism 8.0 (GraphPad Software). P < 0.05
was considered significant.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

Numerical data are detailed in Supplementary Table 2. All other data
areincludedinthe paper and supplementary documents. Correspond-
ence and requests for materials or data should be addressed to Dario
Roccatello, University of Torino. Requests will be processed in 10 work-
ing days.
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Table 1| Patients treated with daratumumab reaching a 12-month follow-up

Sex/gender® Age atthe Disease Previous treatments LNclass®(A/C)° Cumulative prednisone Residual steroid dose at
onset (years) duration doseduringthestudy  12months*
(years) (mg)
Pt1 M/M 41 9 GC,RTX+CYC,Bel,CYC,AZA IV+V (7/4) 2,245 Prednisone 5mg per day
(13 months since RB)
Pt2 F/W 24 5 GC,MMF,RTX+CYC V (6/5) 3,012 Prednisone 7.5mg per day
(14 months since RB)
Pt3 F/W 61 8 GC,RTX,CYC (high doses) IV+V (8/5) 2,855 Prednisone 5mg per day
(13 months since RB)
Pt 4 F/W 20 10 MMF,RTX,CyA,Bel 1+V (7/4) 1,925 Prednisone 5mg per day
(14 months since RB)
Pt5 F/W 54 20 GC,MMF,IgG iv,Bel IV (7/4) 2,345 Prednisone 5mg per day

(13 months since RB)

Bel, belimumab; iv, intravenous; AZA, azathioprine, RTX, rituximab, MMF, mycophenolate mofetil, GC, glucocorticoids, CYC, cyclophosphamide, CyA, cyclosporine. °Sex (male/female) and
gender (man/woman) of participants was determined based on self-report. "All patients underwent a kidney biopsy within 2months before starting daratumumab. “Activity (A) and chronicity

(C) scores. “Time (months) since renal biopsy in brackets. RB, renal biopsy.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data collection  Data Were collected in Excel, Microsoft Office version 16.74

Data analysis Data analysis was completed using SPSS v.28 (IBM Corporation; Armonk, NY, USA) and GraphPad Prism 8.0 (GraphPad Software Incorporation;
La Jolla, CA, USA). A p-value < 0.05 was considered significant.
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Reporting on sex and gender Sex and/or gender of participants was determined based on self-report.

Population characteristics Due to the limited sample size and the clinical nature of our study, only a limited set of variables where computed, and they
were collected in line with the clinical practice. Variables are detailed in a not-aggregated form in Table 1

Recruitment Patients were identified among those patients attending the center who were refractory to previous treatment. All patients
who met the inclusion criteria (No response to the first line treatment with SOC (MMF, CYC/azathioprine) were recruited.

Ethics oversight Daratumumab was obtained by the local hospital pharmacy for off-label use, according to the rules for the management of
Rare Diseases of Piedmont (North-West Italy). All patients provided informed consent. No commercial sponsor was involved.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Our study is a case-series. No sample size was calculated. For the laboratory parameters, N=5 biologically independent samples were used for
each determination (1 per patient/time point).

Data exclusions  No data were excludeed.
Replication For the laboratory parameters, N=5 biologically independent samples were used for each determination (1 per patient/time point).
Randomization  Our study is a case-series. Study designed did not include randomization.

Blinding Treatment was given open in a single arm study. No blinding was planned.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
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Antibodies

Antibodies used Daratumumab as commercially available for therapeutic use

Validation N/A




Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  N/A

Study protocol Treatment protocol of Daratumumab monotherapy consisted of 16 mg/kg weekly intravenous administrations for 8 consecutive
weeks, then every two weeks for 8 more times, and lastly monthly for a maximum of 24t administrations. Premedication included
paracetamol 1000 mg (oral), chlorphenamine 10 mg (intravenous), and methylprednisolone 125 mg (intravenous).

Data collection The entire series of patients comprises 6 adults with refractory lupus nephritis who received Daratumumab monotherapy. The
results refer to the 5 patients reaching a 12-month follow-up from starting therapy and 1 patient who discontinued the treatment
due to the absence of clinical response at month 6th

Outcomes Renal response was stratified as: (i): complete renal response: proteinuria <0.5 g/24 hours, normal or near-normal estimated
glomerular filtration rate (within 10% of normal estimated glomerular filtration rate if previously abnormal); (ii): partial renal
response: 250% reduction in proteinuria to sub-nephrotic levels (<3.5 g/24 hours), and normal or near-normal estimated glomerular
filtration rate; (iii) no renal response: all the other cases
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