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Background: Late or chronic active antibody-mediated rejection (AMR)

associated with de novo donor-specific antibodies (dnDSA) after renal

transplantation is a great clinical challenge because it is often resistant to

conventional therapies. Daratumumab, an anti-CD38 monoclonal antibody

that can deplete plasma cells, may be effective for the treatment of late or

chronic active AMR.

Methods: We designed a novel regimen that included early intensive therapy

with daratumumab plus plasmapheresis (PP)/intravenous immunoglobulins

(IVIG) and later maintenance therapy with daratumumab alone, and used this

regimen to treat late or chronic active AMR in two kidney transplant recipients

with extremely high levels of anti-DQ7 dnDSA.

Results: Both patients had a limited clinical response to the early treatment

with rituximab and PP/IVIG (with or without splenic irradiation); however, they

had a remarkable decrease in anti-DQ7 DSA (MFI value from ~20,000

to ~5,000) after 2-3 months of intensive therapy with daratumumab plus PP/

IVIG. Over 20 months of follow-up, patient 1 maintained a low DSA (as low as

1,572) and normal renal function on daratumumab maintenance therapy.

Patient 2 retained a low DSA and improved renal function and pathological

lesions within one year after treatment but then deteriorated because of acute

T cell-mediated rejection.

Conclusions: Our daratumumab-based regimen has shown promising results

in the treatment of refractory late active or chronic active AMR in renal
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transplant recipients with high-level dnDSA. This may provide a reference for

better use of daratumumab in the treatment of late or chronic active AMR.
KEYWORDS

kidney transplantation, daratumumab, chronic active antibody-mediated rejection,
donor specific antibodies, HLA-DQ, case report
Introduction

In recent years, late or chronic antibody-mediated rejection

(AMR) has been recognized as the major cause of allograft

dysfunction and loss in kidney transplantation (1–3). However,

late or chronic AMR mediated by de novo donor-specific

antibodies (dnDSA), even in its active stage, is frequently

resistant to the conventional treatments (4–6).

CD38 is a type II transmembrane glycoprotein expressed on

various immune cells, and is especially highly expressed on plasma

cells and NK cells (7). As an anti-CD38 monoclonal antibody

(mAb) initially developed for the treatment of multiple myeloma,

daratumumab has been shown to effectively induce complement-

dependent cytotoxicity (CDC) and apoptotic signaling in CD38-

expressing cells (8, 9). Thus, this antibody may also deplete

alloantibody-producing plasma cells, perhaps making it an

effective treatment for AMR in organ transplantation.

To date, only a few studies have been published regarding

the use of daratumumab for the treatment of AMR or for

desensitization in patients awaiting transplantation (10–13). In

a reported case of low level of anti-DQ6 dnDSA-mediated

chronic active AMR after renal transplantation, 9 months of

daratumumab monotherapy resulted in persistent plasma cell

depletion, dnDSA disappearance, and stabilization of renal

allograft function (10). In another reported case of a combined

heart/kidney transplant recipient with severe acute mixed

rejection after complete immunosuppressive discontinuation,

daratumumab combined with rituximab/eculizumab

successfully reduced high levels of anti-DR12 DSA after 8

months of treatment. However, there was no significant

change in his anti-DQ7 DSA level (MFI: 20,000~25,000),

suggesting that anti-DQ antibodies may be more resistant to

daratumumab treatment (12). For chronic active AMRmediated

by high levels of anti-DQ dnDSA, which is much more difficult

to treat, it is unclear whether daratumumab treatment would

also be able to significantly reduce DSA levels and delay the

progression of chronic AMR. In the present study, we describe

the clinical course and efficacy of a novel daratumumab-based

regimen for the treatment of refractory late active or chronic

active AMR in two kidney transplant recipients with extremely

high levels of anti-DQ dnDSA.
02
Materials and methods

Donor-specific antibody monitoring

Sera were screened for human leukocyte antigen (HLA)

antibodies using HLA class I and II single antigen beads

(LABScreenTM Single Antigen beads, One Lambda Inc.,

Canoga Park, CA) as we previously described (14). To avoid

antigen saturation, we tested the 1:4, 1:16, 1:32, or 1:64 dilutions

of serum samples whose MFI for the 1:3-diluted serum

was >15,000. In order to better evaluate the changes of DSA

levels detected at different times, a positive serum control was

added for each test. The positive control serum was obtained

from the residual serum of a highly sensitized patient, and the

MFI value of a particular bead was used as a reference for

stability in each test.
The daratumumab-based regimen

The regimen we designed consisted of two phases: an

intensive treatment phase and a maintenance treatment phase.

In the intensive treatment phase, plasmapheresis (PP)/

intravenous immunoglobulins (IVIG, 15-20g each time) plus

daratumumab (400-500 mg, intravenously one day after PP/

IVIG) was given once a week until the MFI value of the DSA

fell to below 5,000. During the maintenance treatment phase,

daratumumab alone (400-500 mg, once a week to once a month)

was administered intravenously until the DSA disappeared. An

intravenous infusion of 5-10 mg dexamethasone and/or an

intramuscular injection of 25 mg promethazine was

administered before each infusion of daratumumab to prevent

an infusion response to daratumumab.
Compliance with ethics guidelines

The donor kidneys used in both cases were donated to the

Red Cross Society and allocated by the China Organ Transplant

Response System. The study procedures were approved by the

ethics committee of Tongji Hospital, Tongji Medical College,
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Huazhong University of Science and Technology and performed

in accordance with the national program of organ donation in

China. The clinical activities being reported are consistent with

the principles of the Declaration of Istanbul as outlined in the

“Declaration of Istanbul on Organ Trafficking and

Transplant Tourism”.
Results

Case 1:

The patient is a 50-year-old man weighing 60 kg who

underwent a kidney transplant 5 years ago after one year of

hemodialysis. The renal graft was obtained from a 47-year-old

brain-dead donor whose cause of death was severe brain trauma.

The donor-recipient HLA-A, -B, -DR, -DQ mismatch grade was

6 (Figure 1A). The pre-transplant panel-reactive antibody (PRA)

and CDC test results were both negative. The patient received

induction therapy with anti-CD25 mAb. He recovered smoothly

after the operation, and the renal allograft function soon

returned to normal. Since the transplant, the patient has

received triple maintenance immunosuppressive therapy with
Frontiers in Immunology 03
oral tacrolimus, mycophenolate mofetil, and prednisone. Flow-

PRA test was performed six months after transplantation, and

the result was negative.

One and a half years after the transplantation, routine

antibody monitoring detected positive Flow-PRA (II: 56.7%)

and single antigen beads testing further identified dnDSA

against DQ7 with an MFI value of 9,913, at which time the

renal graft function was normal. The patient did not receive any

specific DSA treatment. After one year of follow-up, the MFI

value of anti-DQ7 DSA had increased significantly to 19,167;

therefore, graft biopsy was performed. Pathology examination

revealed mild glomerulitis (Banff 2017 Schema: g1), mild-to-

moderate peritubular capillaritis (ptc1-2), mild peritubular

capillary C4d deposition (C4d1), focal glomerular basement

membrane double contours (cg1), and peritubular capillary

basement membrane multi layering (ptcml, electron

microscopy), which were diagnosed as subclinical chronic

active AMR (Figure 1B). Upon admission, the patient received

his first round of treatment for chronic AMR: rituximab (200

mg), carfilzomib (30 mg twice weekly), and 14 PP/IVIG (25g

each time) sessions (three times weekly). After 4 weeks of

treatment, the MFI level of anti-DQ7 DSA decreased

significantly but was still >12,000 (Figure 1C).
A

B

C D

FIGURE 1

Histological features of subclinical chronic active AMR in Patient 1 before treatment and changes in DSA throughout treatment. (A) HLA
phenotype results for the recipient and his donor. (B) Typical histological findings of chronic active AMR and their Banff 2017 Scores.
(C) Changes in MFI values of the anti-DQ7 DSA (1:3 or 1:12-diluted serum) during the first round of treatment containing rituximab, PP/IVIG, and
carfilzomib. (D) Changes in MFI values of the anti-DQ7 DSA (1:4/1:32/1:64-diluted serum and positive control serum) after the treatment with
daratumumab-based therapy.
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Six months after the first round of treatment, the MFI value

of the anti-DQ7 DSA had rebounded to 15,960 (1:3 diluted

serum), whereas the serum creatinine (SCr) level remained

stable. After 4 months of follow-up, the MFI value remained

high, at 15,237. Given the poor efficacy of conventional therapies

in reducing high levels of DQ-DSA, we considered a new

daratumumab-based regimen (described above) for this

patient. After the intensive treatment with 10 sessions of PP/

IVIG plus daratumumab, the MFI of the anti-DQ7 DSA had

decreased dramatically, to 5,030 (1:4 diluted serum). When we

further diluted the serum samples to 1:32 and 1:64, the DSA-

MFI values demonstrated a more obvious reduction (from

15,731 to 3,763 at 1:32 dilution; from 13,926 to 1,320 at 1:64

dilution) (Figure 1D). PP/IVIG was then discontinued, but

daratumumab was maintained as sequential monotherapy at

400 mg per week. Four weeks later, PP/IVIG was added back in

the subsequent treatment because the DSA-MFI value had

increased slightly (6,069 at 1:4 serum dilution). After seven

weeks of combination therapy, the DSA-MFI value was

successfully reduced to 3,475. Therefore, PP/IVIG was

discontinued again, and daratumumab was given every 2

weeks for 1 month, followed by monthly administration for 3

months. Since the DSA-MFI value had slightly rebounded, to

5,640, maintenance therapy with daratumumab was again

administered biweekly. Seven months later, the DSA-MFI

value eventually dropped to 1,572 (Figure 1D).

The patient has been on daratumumab therapy for 1 year

and 8 months, and currently feels well. He volunteered to

continue maintenance treatment until the DSA was completely

negative. His renal graft function has remained normal and

stable throughout the treatment. At the latest follow-up, he had a

SCr level of 83 mmol/L, an eGFR of 95 ml/min/m2, and no

proteinuria. Histological re-examination was not performed

because the patient did not consent to repeat renal graft

biopsy. There were no significant adverse effects throughout

the treatment, and only mild flu-like symptoms were observed

during the initial administration of daratumumab.
Case 2:

The patient is a 15-year-old male adolescent weighing 38 kg

who received a kidney transplant from a 10-year-old deceased

donor at a local hospital in May 2019 after 4 months of

hemodialysis. The donor-recipient HLA-A, -B, -DR, -DQ

mismatch grade was 4 (Figure 2A). The pre-transplant PRA

and CDC were both negative. Anti-CD25 mAb was used as

induction therapy, and a tacrolimus-based triple maintenance

immunosuppressive therapy was used to prevent rejection. His

SCr decreased to 70 mmol/L at 2 weeks after transplantation and

remained stable during early follow-up.

Nineteen months after transplantation, the patient’s SCr

level suddenly increased (236 mmol/L), suggesting the
Frontiers in Immunology 04
possibility of acute rejection. He was immediately admitted to

a local hospital and received methylprednisolone (MP) pulse

therapy (400 mg/day for 3 days). After the treatment, his SCr

decreased to 167 mmol/L but failed to recover further.

Meanwhile, anti-DQ7 dnDSA at an MFI value of 8,875 was

detected. The patient was referred to our hospital for further

treatment. After admission, a biopsy of the renal graft was

performed, and pathological findings confirmed active AMR

(Banff 2019 Schema: g1, ptc2, C4d3, cg0; Figure 3A). We retested

the patient’s DSA and found that the MFI value of anti-DQ7

dnDSA had increased further to 22,678. Thus, treatment

consisting of rituximab (200 mg), five PP/IVIG (15 g/each

time) sessions (every 3-5 days), and splenic irradiation (five

times, 50 cGy each (15) was given within an 18-day course. After

treatment, the DSA-MFI value had decreased by ~30%

(Figure 2B). Unfortunately, PP/IVIG and splenic irradiation

had to be suspended because of sepsis secondary to the

infection associated with internal jugular vein cannulation.

At 15 days after discontinuation of treatment, the MFI value

of the anti-DQ7 DSA had rebounded to 18,548. Given the

efficacy of daratumumab in reducing DQ-DSA in case 1, we

recommended that the patient be treated with daratumumab.

With the informed consent from the patient and his parents,

daratumumab monotherapy (400 mg, intravenously once a

week) was given first. Plasmapheresis was not used

concurrently because the neck dialysis cannula had been

removed because of infection. After 4 weeks of treatment, the

MFI value of anti-DQ7 DSA was reduced by 12%, from 18,548 to

16,374, in the 1:4 diluted serum, and by 50%, from 8,827 to

4,249, in the 1:64 diluted serum (Figure 2B). The patient’s renal

graft function was simultaneously improved (SCr, 133 mmol/L;

eGFR increased from 38 to 46 ml/min/1.73m2) (Figure 2C). To

accelerate the decline in the remaining DSA, PP/IVIG (20 g/each

time) was added once a week on the day before the

daratumumab infusion. After 5 weeks of combination therapy,

the MFI value of anti-DQ7 DSA had decreased markedly, to

3,760 at a serum dilution of 1:4 (Figure 2B). Since then, we have

withdrawn the PP/IVIG and extended the interval of

daratumumab monotherapy to every four weeks. During the

first 4 months of the maintenance treatment, the DSA-MFI value

of the 1:4-diluted serum remained low, at around 5,000

(Figure 2B). To determine whether there was any concomitant

histological improvement, a second renal graft biopsy was

performed on day 137 after the initiation of treatment. The

results showed that the acute tissue injury was alleviated (g0,

ptc1, and C4d0) when compared with the first biopsy, and

chronic tissue lesions remained minimal (cg0) (Figure 3B).

After that, the patient received daratumumab (400 mg) every

4-6 weeks. His SCr remained at 113-137 mmol/L, and his eGFR

increased to 46-51 ml/min/1.73m2.

At the follow-up on day 346 of treatment, a sudden increase

in SCr (235 mmol/L) and a low trough level of tacrolimus (3.7 ng/

ml) suggested the possibility of acute rejection (Figure 2C). The
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patient was then admitted for urgent renal graft biopsy, which

confirmed acute T cell-mediated rejection (TCMR) of grade IA

(i1, t2). In addition, pathological features of active AMR

reappeared (g1, ptc1, C4d3) (Figure 3C). After rescue therapy

with pulse MP (400 mg/day for 3 days), his SCr decreased to 148

mmol/L. Because of an increase in the DSA-MFI value (7,419) on

day 364, combination treatment with PP/IVIG and

daratumumab (once a week) was started again. However,

during the 11 weeks of combination therapy, the patient’s

DSA-MFI value did not decline as before but continued to rise

(to 19,442) (Figure 2B). In addition, the patient’s SCr level

returned (Figure 2C). Therefore, a fourth renal allograft biopsy

was performed on day 422. The results showed a few mild areas

of microvascular inflammation (g0, ptc1), early double-track

sign changes (cg1), and changes in the ptcml (5-7 layers)

(Figure 3D), suggesting that active AMR had progressed to

mild chronic active AMR. At the latest follow-up (455 days

after treatment), his DSA-MFI value was 16,759, the SCr level

was 223 mmol/L, eGFR was 27 ml/min/1.73m2, and total 24-hour

urinary protein was 367 mg. In view of the poor response, the
Frontiers in Immunology 05
patient has stopped receiving the antibody removal therapy.

During the early period of daratumumab treatment, the patient

had flu-like symptoms on the day of daratumumab use, which

could be alleviated by Tylenol administration. There was a mild

decrease in white blood cell count (3-4 x 109/L) during the

treatment, and no other side effects such as abnormal liver

function and increased proteinuria were observed.
Discussion

In recent years, the role of anti-DQ dnDSAs in renal allograft

dysfunction has received increasing attention as they are found

to be the predominant dnDSA after transplantation (16–18). In

addition, anti-DQ dnDSAs often appear to be more resistant to

treatment (15). In this study, we used a novel regimen to treat

subclinical chronic active AMR or late active AMR in two kidney

transplant recipients with extremely high levels of anti-DQ7

dnDSA. Both patients achieved a remarkable decrease in DSA

levels after 2-3 months of intensive therapy with daratumumab
A

B

C

FIGURE 2

Course of Patient 2’s DSA and renal function after the diagnosis of late active AMR. (A) HLA phenotype results for the recipient and his donor.
(B) Changes in MFI values of the anti-DQ7 DSA (1:4 or 1:64-diluted serum and positive control serum) during the treatment. (C) Changes in
serum creatinine and eGFR levels after the diagnosis and treatment of late active AMR.
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plus PP/IVIG. Because both patients had a limited clinical

response to the early conventional treatments but showed

significant responses to later treatment with daratumumab-

based therapy, we suggest that daratumumab may have a

superior role in the treatment of late active or chronic

active AMR.

One case of daratumumab monotherapy for chronic active

AMR (low-level DQ-DSA) after renal transplantation has been

reported (10). Although satisfactory results were obtained in this

case, it is questionable whether the daratumumab monotherapy

regimen would also be effective for late or chronic active AMR

associated with high levels of DQ-dnDSA. Aguilera Agudo et al.

reported a case of a similar daratumumab monotherapy for late

AMR (high-level dnDSA) in heart transplantation (13). Despite

clinical and histological improvements in this patient, there was

only a mild to moderate reduction in DSA titers after treatment.

Therefore, we believe that the daratumumab regimen should be

modified to achieve better efficacy for the treatment of high

levels of dnDSA-mediated late or chronic active AMR.

Although daratumumab can reduce DSA production by

depleting plasma cells, the high levels of DSA already present
Frontiers in Immunology 06
in the circulation take a long time to gradually decay on their

own, so the antibody-lowering effect of daratumumab

monotherapy may be difficult to show in the short term.

Plasmapheresis can directly remove part of the circulating

DSA, and IVIG dampens endogenous antibody rebound after

depletion with plasmapheresis. Therefore, in the new protocol

used in our study, the combination of daratumumab and PP/

IVIG was administered to synergistically reduce the high levels

of dnDSA in the first phase, followed by treatment with

daratumumab alone to progressively remove the remaining

low levels of dnDSA. As a result, we achieved significant

results in two patients after short-term combination therapy.

During maintenance treatment with daratumumab alone, we

found that the administration interval was closely related to the

rebound of DSA. When the administration interval was

extended to or exceeded every 4 weeks, DSA was prone to

rebound, whereas the administration of daratumumab every 2

weeks was relatively safe. Patient 2 had acute TCMR occurred

after one year of treatment, which led to a significant rebound of

DSA and a progressive decline in renal allograft function. At this

time, the patient again received the intensive therapy with
A

B

D

C

FIGURE 3

Histological features of late active AMR in Patient 2 before and after treatment. (A) Typical histological findings of active AMR in Patient 2 before
the treatment and their Banff 2019 Scores. (B) The pathology results of a second renal biopsy performed on day 137 after the initiation of
treatment and their Banff 2019 Scores. (C) The pathology results of a third renal biopsy performed on day 350 after the initiation of treatment
(when acute rejection was clinically suspected) and their Banff 2019 Scores. (D) The pathology results of a fourth renal biopsy performed on day
422 after the initiation of treatment (when poor response was observed to daratumumab intensive therapy) and their Banff 2019 Scores.
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daratumumab plus PP/IVIG, which failed to reduce DSA as

effectively as before. We don’t know exactly why this happens.

We speculate that this may be related to acute rejection. CD4+ T

cell activation may assist splenic B cells or memory B cells to

reactivate, differentiate, and produce antibodies (similar to the

process of acute AMR), making DSA removal more difficult with

anti-plasma cell therapy plus PP/IVIG. Daratumumab can also

act on regulatory cells and reduce them, which may theoretically

promote the occurrence of acute cellular rejection (19, 20). The

risk of acute cellular rejection with long-term daratumumab

treatment warrants further attention in future studies.

Antibody removal therapy was initiated in the subclinical

AMR phase of the patient 1 while renal function was still normal.

Because his anti-DQ-7 dnDSA showed a significant upward

trend during follow-up since its discovery, the progression of

subclinical AMR to chronic AMR would be significantly slowed

down or even stopped if dnDSA was removed or diminished,

thus providing maximum benefit to the patient.

We are aware of some shortcomings and noteworthy aspects

of this study: 1) In case 1, the pathological improvement after

treatment could not be verified because the patient did not

consent to post-treatment allograft biopsy. 2) Case 2 did not

receive treatment in strict accordance with the maintenance

treatment protocol, which may have affected the final efficacy

and prognosis. 3) For economic reasons, the therapeutic single

dose of daratumumab administered to our patients was

approximately half of the standard dose (16 mg/kg). It is

worth paying attention to whether increasing a single dose

would achieve a better therapeutic effect. 4) Although intensive

treatment with daratumumab combined with PP/IVIG can

significantly reduce DSA in the short term, how to better

prevent DSA rebound or even completely eliminate DSA in

the subsequent maintenance phase and when to stop the

treatment still need to be further explored.

To our knowledge, this is the first case report of

daratumumab for the treatment of refractory late active or

chronic active AMR in renal transplant recipients with high-

level dnDSA. Although two cases of effective treatment alone

cannot define the effectiveness of a particular therapy, our

treatment regimen and ideas may provide a reference for the

better use of daratumumab in the treatment of refractory late or

chronic active AMR in the future.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Frontiers in Immunology 07
Ethics statement

The studies involving human participants were reviewed and

approved by Tongji Hospital of Tongji Medical College,

Huazhong University of Science and Technology. Written

informed consent to participate in this study was provided by

the participants’ legal guardian/next of kin.
Author contributions

LZ made contributions in the treatments of subjects and

drafting the manuscript; ZG participated in the data collection;

DZ participated in the performance of the research; RS

participated in the data collection; GZ participated in the

performance of the research; HG took responsibility for

histological diagnosis and interpretation; GC participated in

research design and made substantial revisions to the

manuscript. All authors contributed to the article and

approved the submitted version.
Funding

Bethune Charitable Foundation “Sharing Sunshine-Clinical

Research Cooperation Project for Major Disease” (G-X-

2019-0101)
Acknowledgments

We thank Dr. Deborah McClellan for her expert

editorial assistance.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

anddonotnecessarily represent thoseof theiraffiliatedorganizations,

or those of the publisher, the editors and the reviewers. Any product

thatmay be evaluated in this article, or claim thatmay bemade by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1087597
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhu et al. 10.3389/fimmu.2022.1087597
References
1. Loupy A, Lefaucheur C. Antibody-mediated rejection of solid-organ
allografts. N Engl J Med (2018) 379(12):1150–60. doi: 10.1056/NEJMra1802677

2. Gaston RS, Cecka JM, Kasiske BL, Fieberg AM, Leduc R, Cosio FC, et al.
Evidence for antibody-mediated injury as a major determinant of late kidney
allograft failure. Transplantation (2010) 90(1):68–74. doi: 10.1097/
TP.0b013e3181e065de

3. Sellares J, de Freitas DG, Mengel M, Reeve J, Einecke G, Sis B, et al.
Understanding the causes of kidney transplant failure: The dominant role of
antibody-mediated rejection and nonadherence. Am J Transplant (2012) 12
(2):388–99. doi: 10.1111/j.1600-6143.2011.03840.x

4. Eskandary F, Regele H, Baumann L, Bond G, Kozakowski N, Wahrmann M,
et al. A randomized trial of bortezomib in late antibody-mediated kidney transplant
rejection. J Am Soc Nephrol (2018) 29(2):591–605. doi: 10.1681/ASN.2017070818

5. Moreso F, Crespo M, Ruiz JC, Torres A, Gutierrez-Dalmau A, Osuna A, et al.
Treatment of chronic antibody mediated rejection with intravenous
immunoglobulins and rituximab: A multicenter, prospective, randomized,
double-blind clinical trial. Am J Transplant (2018) 18(4):927–35. doi: 10.1111/
ajt.14520

6. Kulkarni S, Kirkiles-Smith NC, Deng YH, Formica RN, Moeckel G, Broecker
V, et al. Eculizumab therapy for chronic antibody-mediated injury in kidney
transplant recipients: A pilot randomized controlled trial. Am J Transplant (2017)
17(3):682–91. doi: 10.1111/ajt.14001

7. Krejcik J, Casneuf T, Nijhof IS, Verbist B, Bald J, Plesner T, et al.
Daratumumab depletes CD38+ immune regulatory cells, promotes T-cell
expansion, and skews T-cell repertoire in multiple myeloma. Blood (2016) 128
(3):384–94. doi: 10.1182/blood-2015-12-687749

8. van de Donk N, Richardson PG, Malavasi F. CD38 antibodies in multiple
myeloma: back to the future. Blood (2018) 131(1):13–29. doi: 10.1182/blood-2017-
06-740944

9. van de Donk N, Usmani SZ. CD38 antibodies in multiple myeloma:
Mechanisms of action and modes of resistance. Front Immunol (2018) 9:2134.
doi: 10.3389/fimmu.2018.02134

10. Doberer K, Klager J, Gualdoni GA, Mayer KA, Eskandary F, Farkash EA,
et al. CD38 antibody daratumumab for the treatment of chronic active antibody-
mediated kidney allograft rejection. Transplantation (2021) 105(2):451–7.
doi: 10.1097/TP.0000000000003247
Frontiers in Immunology 08
11. Spica D, Junker T, Dickenmann M, Schaub S, Steiger J, Rufli T, et al.
Daratumumab for treatment of antibody-mediated rejection after ABO-
incompatible kidney transplantation. Case Rep Nephrol Dial (2019) 9(3):149–57.
doi: 10.1159/000503951

12. Kwun J, Matignon M, Manook M, Guendouz S, Audard V, Kheav D, et al.
Daratumumab in sensitized kidney transplantation: Potentials and limitations of
experimental and clinical use. J Am Soc Nephrol (2019) 30(7):1206–19.
doi: 10.1681/ASN.2018121254

13. Aguilera Agudo C, Gomez Bueno M, Krsnik Castello I. Daratumumab for
antibody-mediated rejection in heart transplant-a novel therapy: Successful
treatment of antibody-mediated rejection. Transplantation (2021) 105(3):e30–1.
doi: 10.1097/TP.0000000000003505

14. Zhu L, Lee PC, Everly MJ, Terasaki PI. Detailed examination of HLA antibody
development on renal allograft failure and function. Clin Transpl (2008) 2008:171–87.

15. Zhu L, Guo Z, Sa R, Guo H, Li J, Chen G. Case report: Splenic irradiation for
the treatment of chronic active antibody-mediated rejection in kidney allograft
recipients with De novo donor-specific antibodies. Front Immunol (2021)
12:661614. doi: 10.3389/fimmu.2021.661614

16. DeVos JM, Gaber AO, Knight RJ, Land GA, Suki WN, Gaber LW, et al.
Donor-specific HLA-DQ antibodies may contribute to poor graft outcome after
renal transplantation. Kidney Int (2012) 82(5):598–604. doi: 10.1038/ki.2012.190

17. Willicombe M, Brookes P, Sergeant R, Santos-Nunez E, Steggar C, Galliford
J, et al. De novo DQ donor-specific antibodies are associated with a significant risk
of antibody-mediated rejection and transplant glomerulopathy. Transplantation
(2012) 94(2):172–7. doi: 10.1097/TP.0b013e3182543950

18. Cross AR, Lion J, Poussin K, Assayag M, Taupin JL, Glotz D, et al. HLA-DQ
alloantibodies directly activate the endothelium and compromise differentiation of
FoxP3(high) regulatory T lymphocytes. Kidney Int (2019) 96(3):689–98.
doi: 10.1016/j.kint.2019.04.023

19. Casneuf T, Xu XS, Adams HC3rd, Axel AE, Chiu C, Khan I, et al. Effects of
daratumumab on natural killer cells and impact on clinical outcomes in relapsed or
refractory multiple myeloma. Blood Adv (2017) 1(23):2105–14. doi: 10.1182/
bloodadvances.2017006866

20. Joher N, Matignon M, Grimbert P. HLA desensitization in solid organ
transplantation: Anti-CD38 to across the immunological barriers. Front Immunol
(2021) 12:688301. doi: 10.3389/fimmu.2021.688301
frontiersin.org

https://doi.org/10.1056/NEJMra1802677
https://doi.org/10.1097/TP.0b013e3181e065de
https://doi.org/10.1097/TP.0b013e3181e065de
https://doi.org/10.1111/j.1600-6143.2011.03840.x
https://doi.org/10.1681/ASN.2017070818
https://doi.org/10.1111/ajt.14520
https://doi.org/10.1111/ajt.14520
https://doi.org/10.1111/ajt.14001
https://doi.org/10.1182/blood-2015-12-687749
https://doi.org/10.1182/blood-2017-06-740944
https://doi.org/10.1182/blood-2017-06-740944
https://doi.org/10.3389/fimmu.2018.02134
https://doi.org/10.1097/TP.0000000000003247
https://doi.org/10.1159/000503951
https://doi.org/10.1681/ASN.2018121254
https://doi.org/10.1097/TP.0000000000003505
https://doi.org/10.3389/fimmu.2021.661614
https://doi.org/10.1038/ki.2012.190
https://doi.org/10.1097/TP.0b013e3182543950
https://doi.org/10.1016/j.kint.2019.04.023
https://doi.org/10.1182/bloodadvances.2017006866
https://doi.org/10.1182/bloodadvances.2017006866
https://doi.org/10.3389/fimmu.2021.688301
https://doi.org/10.3389/fimmu.2022.1087597
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case report: Daratumumab for treatment of refractory late or chronic active antibody-mediated rejection in renal allograft recipients with high levels of de novo donor-specific antibodies
	Introduction
	Materials and methods
	Donor-specific antibody monitoring
	The daratumumab-based regimen
	Compliance with ethics guidelines

	Results
	Case 1:
	Case 2:

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


