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Abstract
Daratumumab, a humanized anti-CD38 monoclonal antibody, has demonstrated anti-plasma cell
activity alone and in combination with other drugs in Multiple Myeloma (MM) and in light chain
Amyloidosis (AL). Allogenic anti-Human Leukocyte Antigen (HLA) antibodies are frequently
encountered in patients awaiting kidney transplantation, complicating the access to a compatible
transplant and represent a major risk factor of humoral rejection. Durably removing the antibodies
or eliminating the producing cells is an objective that is currently out of reach. The objectives of
our study were to evaluate the frequency of anti-HLA antibodies in MM and AL patients, and to
determine the effect of daratumumab on them.
Eligible patients with diagnosed MM or AL were selected (n=182), among whom 84 had anti HLA
antibodies (46%). Forty-nine patients (45 MM and 4 AL) were retrospectively included.
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Patients were treated with a combination of an alkylating agent, an Immunomodulatory imide
Drug (IMiD), a Proteasome inhibitor, with (n=22) or without (n=22) daratumumab. Five patients
received daratumumab alone. Treatment with daratumumab lowered anti-HLA antibodies in 85%
(23/27) of cases including complete loss in 56% of cases (15/27) compared to 77% (17/22) and 45%
(10/22) respectively, p=0.8.
This study couldn’t find a statistic impact of daratumumab to lower HLA antibody in this cohort.
The association with chemotherapy could be an important bias and this hypothesis will be evaluated
in ongoing studies enrolling patients undergoing kidney transplantation.
Keywords: Anti-HLA antibodies; Daratumumab; Kidney transplantation; Multiple myeloma

Introduction
Multiple Myeloma (MM) is characterized by a proliferation of clonal plasma cells highly
expressing the CD38 antigen [1]. The treatment of MM is based on front-line treatment for young
and healthy patients with combinations of steroids, Immunomodulatory imide Drug (IMiD),
Proteasome Inhibitor (PI), alkylating agents, and autologous transplantation [2]. Daratumumab
is a humanized IgG1k monoclonal antibody targeting CD38 tumoral and non-tumoral plasma
cells. The mechanism of action of daratumumab comprises immune-mediated effects, including
complement-dependent and antibody-dependent cell-mediated cytotoxic effects, antibodydependent cellular phagocytosis, and apoptosis by cross-linking. Daratumumab has significantly
improved the efficiency of treatment in MM. Daratumumab alone is effective in relapsed MM [3,4].
Moreover, it has demonstrated better efficacy in combination with PI or IMiDs in relapsed disease,
and in front line treatment [5-10]. In addition, daratumumab presents an outstanding safety profile
with non-considerable side effects. Altogether, this suggests it could potentially be used in other
non-tumoral plasma cell-mediated pathologies.
The presence of anti-HLA antibodies prior to transplantation is associated with a decreased
number of donors and a longer waiting time. Furthermore, non-immunized patients can also develop
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de novo antibodies after transplantation due to HLA mismatches.
The presence of anti-HLA antibodies after kidney transplantation
promotes hyperacute rejection, acute and chronic humoral rejection,
and early graft loss [11]. Kidney survival and overall survival are
lower in immunized patients with anti-HLA antibodies and chronic
humoral rejection is nowadays considered as the leading cause of
graft loss [12,13]. The standard desensitization protocols include
plasmapheresis associated with high dose polyvalent Intravenous
Immunoglobulins (IVIG) [14-16]. However, in strongly immunized
patients this strategy is insufficient and other therapies are proposed
such as antibodies targeting IL6 or its receptor, in order to control
antibody production, the synthesis of antibodies by inhibition of B
lymphocytes and plasma cells, and complement inhibitors, to regulate
antibody main effect or function. All these therapies are either poorly
effective or evaluated in small non-randomized controlled studies
[17-20]. Particularly in patient’s refractory to conventional treatments
with IVIG and plasmapheresis, the desensitization protocols prior to
or after renal transplantation are not standardized yet. Moreover,
these therapeutic approaches have a major immunosuppressive
impact with a significantly high risk of infections. Thus, plasma cells
are a logical target of therapy given their critical role in antibody
production and high level of CD38 expression. Daratumumab could
be an effective drug for plasma cell depletion and desensitization.

out in the immunology laboratory of Saint Louis Hospital in Paris
using the Luminex technology and the screening kit for anti-HLA
antibodies for class I and for class II (ref LSM12, One Lambda,
Canoga Park, CA). Results are expressed as a ratio between the
highest MFI (Mean Fluorescence Intensity) of the sample against a
negative control provided by the manufacturer. Identification of antiHLA antibody specificities in the positive sera could not be performed
for this study. The anti-HLA antibody level is considered as reduced
if the ratio decreases by at least 40% in at least one class. Statistical
analyzes were performed using Fisher's exact test with p<0.05.

Results
Characteristics of the patients in the test cohort
The test cohort included 62 patients (median age 63 years, sex
ratio M/F=1.9). Anti-HLA antibodies were found in 23% (14/62)
of the patients. Among the 14 patients with positive anti-HLA
antibodies, 9 had a second sample available, and anti-HLA antibodies
disappeared in 6 of them after daratumumab treatment (Figure 1). All
patients received treatment including PI and IMiD and half received
an alkylating agent (Table 1). Most of the patients in this cohort had
a previous history of transfusion (7/9).
Evolution of anti-HLA antibodies in the test cohort
In this cohort, the median time between the first and the second
anti-HLA antibody sample was 290 days [40-1384] and in the
daratumumab group, the median time was 251 days. Three patients
received daratumumab as monotherapy, and 5 in combination with
PI, IMiD, or Alkylating agent. In patients treated with daratumumab,
anti-HLA antibodies disappeared in 75% of cases (6/8). Considering
both decrease and loss of anti-HLA antibodies, the rate reached 88%
(7/8).

To measure the effect of daratumumab on serum anti-HLA
antibodies level, we studied two cohorts of patients treated or not
with daratumumab for symptomatic MM or AL. The objectives of
our study were to determine the frequency of anti-HLA antibodies in
MM and AL patients and to evaluate the impact of daratumumab on
the evolution of anti-HLA antibody levels.

Patients and Methods
In this retrospective, single-center study at Saint Louis Hospital,
eligible patients with symptomatic MM or AL were tested for antiHLA antibodies during treatment in two sera samples between June
2014 and October 2019. Mean times between two samples were
176 days [21-1384]. All patients provided informed consent and
this trial was approved by an independent local ethic committee.
The inclusion criteria were patients with symptomatic MM or AL
requiring treatment according to the recommendation from IMWG
(International Myeloma Working Group) [21].

Characteristics of patients in the validation cohort
The validation cohort included 120 patients. Anti-HLA antibodies
were detected in 70 patients (58%). A second sample was available for
42 patients and 2 patients were excluded because the interval between
the two samples was less than 5 days. Twenty-one patients showed
positive anti-HLA antibodies on their second sample (Figure 1).
We further studied 40 patients (37 MM and 3 AL) who received
a median of 2 lines of treatment [0-4]. Eleven patients were not
yet treated at the time of the first sample. Of the 29 patients under
treatment, 26 (90%) received a PI, 22 (76%) patients received an
IMiD, 11 (40%) received an alkylating agent, and 15 patients (52%)
underwent high dose chemotherapy followed by an autologous stem
cell transplant (Table 1).

Sixty two patients were involved in a test cohort and the
frequency of anti-HLA antibodies was evaluated. The results were
validated on a second cohort of 120 patients. The aim was to monitor
the level of anti-HLA antibodies in patients treated with and without
daratumumab. Transfusion history for red blood cells, platelets
and plasma was obtained from the EFS (Établissement Français du
Sang). Cytogenetic characteristics of patients were performed with
FISH technique searching for 17p deletion, t(4;14), and t(11;14)
translocations.

Half of the patients received a transfusion (red blood cells,
platelets and plasma) (20/40). Among the 24 males in this cohort, 13
(33%) did not have any prior history of transfusion.
Evolution of anti-HLA antibodies in the validation cohort

Daratumumab was used in front line in the “Cassiopeia” study
(NCT02541383) or in relapse at the dose of 16 mg/kg either in
monotherapy or in combination with PI or IMiD. Daratumumab
was administered intravenously once per week (days 1, 8, 15 and 22)
during cycles 1 and 2, once every 2 weeks (on day 1) during cycles 3
to 6, and once every 4 weeks thereafter. In the second group, patients
received a treatment combining either alkylating agent, IMiD, or PI,
without daratumumab.

In the validation cohort, the median time between the two serum
samples was 92 days [21-779 days] and in the daratumumab group,
the median time was 63 days. Nineteen out of 40 patients received
treatment including daratumumab, in monotherapy (n=2), and in
combination with a PI, IMiD, or alkylating agent (n=17). Twenty-one
patients received only treatment a PI, IMiD, or alkylating agent. The
rate of anti-HLA antibody loss was similar in patients treated with
daratumumab (47%) or without (48%).

Research and identification of anti-HLA antibodies were carried

A subgroup of 16 out of 19 (84%) patients treated with
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Figure 1: Flow chart of the test and validation cohorts.
Table 1: Characteristics of patients in both cohorts at the time of the first sample.
Cohort 1

Cohort 2

Myeloma (n)

8

37

AL amyloidosis (n)

1

3

Pt with anti Class 1 HLA abs (n)

5

33

Pt with anti Class 2 HLA abs (n)

7

26

Pt with anti Class 1 and 2 HLA abs (n)

3

19

Polyclonal gammaglobuline (mean, g/L)

5.6

4.8

2 [1-6]

2 [0-4]

No treatment (n)

0

11

Alkylating agent (n)

5

11

Imids(n)

9

22

PI (n)

9

26

ASCT (n)

7

15

Total (n)

9

40

Nb of line of treatment (n, range)

Figure 2: Evolution of HLA antibody according to daratumumab in the global
cohort.

Impact of daratumumab as monotherapy or in combination
Five patients were treated with daratumumab in monotherapy
and 22 patients received daratumumab in combination with PI or
IMiD: 2 out of 5 patients had negative anti-HLA antibodies levels
versus 13 out of 22 patients respectively (p=0.6). In addition, 4 out
of 5 (80%) patients treated with daratumumab alone decreased
or lost anti-HLA antibody level as compared to 19 out of 22 (86%)
other patients, p=1.0. Hence, daratumumab alone or in combination
should have a similar impact on the anti-HLA antibody level.

daratumumab had complete loss or decreased anti-HLA antibody
levels. In the subgroup treated without daratumumab, loss or decrease
of anti-HLA antibodies was observed in 81% (17/21).
Evolution of anti-HLA antibodies in the whole cohort
To analyze the effect of daratumumab on a larger number of
patients, the two cohorts were combined. Therefore, we considered
an overall cohort of 49 patients, including 27 patients treated with
daratumumab and 22 patients without. Among the 25 patients
with negative anti-HLA antibody levels, 15 patients (60%) received
daratumumab versus 10 patients (40%) without daratumumab,
p=0.57.

Discussion
The objectives of our study were to evaluate the rate of anti-HLA
antibodies in MM and AL, to evaluate the impact of daratumumab on
anti-HLA antibodies in a first test cohort (n=62) and to confirm the
results in a validation cohort (n=120).
Anti-HLA antibodies were found in 23% and 53% in the test
and validation cohort, respectively. In the literature anti-HLA
antibodies were found in around 20% in patients with hematological
malignancies [22,23]. Patients with prior organ transplantation,
pregnancies, or blood transfusions have an increased likelihood of
becoming sensitized by developing anti-HLA antibodies [24]. In this
study, the major risk factor for anti-HLA antibodies was transfusion
(78% and 50%, respectively), and the majority of patients were males

85% (23/27) of patients treated with daratumumab, either reduced
or completely lost anti-HLA antibodies, as compared to 77% (17/22)
for patients treated without daratumumab (Figure 2) (p=0.83).
In the 25 patients achieving anti-HLA antibodies level complete
loss, the median treatment exposure was shorter in the presence of
daratumumab than with other therapies: 112 days [27-516] versus
169 days [31-779], respectively (Figure 2).
Remedy Publications LLC., | http://clinicsinoncology.com/

3

2022 | Volume 7 | Article 1939

Floriane Theves, et al.,

Clinics in Oncology - Hematology

making the risk factor caused by pregnancy unlikely.

Mayo Clin Proc. 2016;91(1):101-19.
3. Lokhorst HM, Plesner T, Laubach JP, Nahi H, Gimsing P, Hansson M, et al.
Targeting CD38 with daratumumab monotherapy in multiple myeloma. N
Engl J Med. 2015;373(13):1207-19.

In our study, after conventional therapy with a PI, IMiD, or
Alkylating agent plus daratumumab, the frequency of anti-HLA
antibodies decreased to 58% (23/40) of patients, versus 42% (17/40)
without daratumumab. Anti-HLA antibody disappeared (n=25) in 60
% (15/25) with daratumumab, vs. 40% (10/25) without. A quantitative
study with anti-HLA antibodies specificities could be done therefore
to assess more precisely the evolution of these antibodies over time.
However, no statistically significant difference was found. This could
be explained by the small number of patients and the bias with the
association with chemotherapy. The effect of daratumumab alone
on anti-HLA antibodies is difficult to assess given the few patients
that received daratumumab in monotherapy even if there were
no statistical difference between the 2 groups of daratumumab
(combination and monotherapy).

4. Lonial S, Weiss BM, Usmani SZ, Singhal S, Chari A, Bahlis NJ, et al.
Daratumumab monotherapy in patients with treatment-refractory
multiple myeloma (SIRIUS): an open-label, randomised, phase 2 trial.
Lancet. 2016;387(10027):1551-60.
5. Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac M, et
al. Daratumumab, bortezomib, and dexamethasone for multiple myeloma.
N Engl J Med. 2016;375(8):754-66.
6. Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, Usmani
SZ, et al. Daratumumab, lenalidomide, and dexamethasone for multiple
myeloma. N Engl J Med. 2016;375(14):1319-31.
7. Mateos MV, Dimopoulos MA, Cavo M, Suzuki K, Jakubowiak A, Knop
S, et al. Daratumumab plus bortezomib, melphalan, and prednisone for
untreated myeloma. N Engl J Med. 2018;378(6):518-28.

In the 25 patients who negative anti-HLA antibodies with and
without daratumumab, the median duration of treatment was shorter
in the presence of daratumumab than with the other treatments:
112 days [27-516] vs. 169 days [31-779], respectively. Daratumumab
could therefore lead to a quicker clearance of anti-HLA antibodies
than other therapies (IP, IMiDs, alkylating agents, steroids) within
a median time of 3 months. In the treatment of MM, daratumumab
in monotherapy acts faster again tumoral plasma cells with a median
time to response of 1 month [3].

8. Facon T, Kumar S, Plesner T, Orlowski RZ, Moreau P, Bahlis N, et al.
Daratumumab plus lenalidomide and dexamethasone for untreated
myeloma. N Engl J Med. 2019;380(22):2104-15.
9. Moreau P, Attal M, Hulin C, Arnulf B, Belhadj K, Benboubker L, et
al. Bortezomib, thalidomide, and dexamethasone with or without
daratumumab before and after autologous stem-cell transplantation for
newly diagnosed multiple myeloma (CASSIOPEIA): A randomised, openlabel, phase 3 study. Lancet. 2019;394(10192):29-38.

In preclinical study on macaques immunized, the use of
daratumumab pre-transplant allowed significantly longer kidney
graft survival [25]. Also in a case report on kidney transplantation,
daratumumab helped to decrease anti HLA antibody and improved
antibody-mediated rejection [26]. A phase 1 to 2 study (NCT04204980)
is underway on the use of daratumumab to desensitize highly
immunized patients awaiting kidney transplantation. The first step is
a dose escalated step from 4 mg/kg to 16 mg/kg. For the second step,
patients will receive daratumumab at a dose of 16 mg/kg weekly for
8 weeks.

10. Voorhees PM, Kaufman JL, Laubach JP, Sborov DW, Reeves B, Rodriguez
C, et al. Daratumumab, lenalidomide, bortezomib, and dexamethasone for
transplant-eligible newly diagnosed multiple myeloma: The GRIFFIN trail.
Blood. 2020;136(8):936-45.
11. Patel R, Terasaki PI. Significance of the positive crossmatch test in kidney
transplantation. N Engl J Med. 1969;280(14):735-9.
12. Bentall A, Cornell LD, Gloor JM, Park WD, Gandhi MJ, Winters JL, et
al. Five-year outcomes in living donor kidney transplants with a positive
crossmatch. Am J Transplant. 2013;13(1):76-85.
13. Montgomery RA, Lonze BE, King KE, Kraus ES, Kucirka LM, Locke JE, et
al. Desensitization in HLA-incompatible kidney recipients and survival. N
Engl J Med. 2011;365(4):318-26.

A remaining open question is the optimal dose and schedule of
daratumumab for this particular purpose. In fact, the monoclonal
anti-CD20 antibody rituximab is used at different doses in
lymphoproliferative syndromes and in dysimmune pathologies [2729].

14. Montgomery RA. Renal transplantation across HLA and ABO antibody
barriers: Integrating paired donation into desensitization protocols. Am J
Transplant. 2010;10(3):449-57.
15. Wan SS, Ying TD, Wyburn K, Roberts DM, Wyld M, Chadban SJ. The
treatment of antibody-mediated rejection in kidney transplantation:
An updated systematic review and meta-analysis. Transplantation.
2018;102(4):557-68.

Besides transplantation, daratumumab may have other
indications in other non-tumor situations through its cytotoxic
action on normal plasma cells. Several clinical cases have reported
the efficacy of daratumumab in autoimmune cytopenias in post
allogeneic bone marrow transplantation [30,31].

16. Lee CY, Lin WC, Wu MS, Yang CY, Yeh CC, Tsai MK. Repeated cycles of
high-dose intravenous immunoglobulin and plasmapheresis for treatment
of late antibody-mediated rejection of renal transplants. J Formos Med
Assoc. 2016;115(10):845-52.

In conclusion, this study couldn’t find a significant effect
of daratumumab to lower HLA antibody. The association of
chemotherapy in both groups is an important bias. We find
nevertheless a quicker clearance of anti-HLA in daratumumab
group. These results need to be confirmed in larger trials including
immunized patients waiting for a transplant or with acute humoral
rejection.

17. Eskandary F, Bond G, Schwaiger E, Kikic Z, Winzer C, Wahrmann M,
et al. Bortezomib in late antibody-mediated kidney transplant rejection
(BORTEJECT Study): Study protocol for a randomized controlled trial.
Trials. 2014;15:107.
18. Sautenet B, Blancho G, Büchler M, Morelon E, Toupance O, Barrou
B, et al. One-year results of the effects of rituximab on acute antibodymediated rejection in renal transplantation: RITUX ERAH, a multicenter
double-blind randomized placebo-controlled trial. Transplantation.
2016;100(2):391-9.
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