Pre-treatment CD38-positive regulatory T cells affect
the durable response to daratumumab in
relapsed/refractory multiple myeloma patients

CD38 is highly expressed on plasma cells and consid-
ered a good target for the treatment of multiple myelo-
ma. Daratumumab, a humanized monoclonal antibody
against CD38, has emerged as a promising drug for
relapsed/refractory multiple myeloma. It has shown sub-
stantial clinical activity in several clinical trials, particular-
ly in combination with immunomodulatory drugs
(IMiD)."® Considering the high activity and favorable tox-
icity profile of daratumumab, other CD38 antibodies, e.g.
isatuximab, are currently under development.’
Daratumumab has classic Fc-dependent immune effector
mechanisms, including antibody-dependent cellular cyto-
toxicity and complement-dependent cytotoxicity.” In
fact, pre-treatment CD38 expression levels in myeloma
cells have been shown to significantly correlate with the
response to daratumumab.’ However, daratumumab rap-
idly reduced CD38 expression levels through trogocyto-
sis even after the first infusion.” Moreover, such a reduc-
tion occurred in all patients, including those with deep
and durable responses,” suggesting the presence of mech-
anisms that target myeloma cells indirectly.
Daratumumab also targets CD38-expressing non-plasma
cells, including CD38-positive (CD38") regulatory T cells
(Tregs).” Indeed, it has been shown that cytotoxic T-cell
number, activation, and clonality increase following dara-
tumumab treatment.” Thus, although various mecha-
nisms of daratumumab action have been suggested, they
have not been examined in detail in the real-world clini-
cal setting. Moreover, it remains unclear whether
immunomodulating or direct actions are important or
both in these mechanisms. In addition, response markers
other than CD38 expression on myeloma cells have not
been established. Here we show that in addition to CD38
expression levels in myeloma cells, the frequency of cir-
culating CD38" Tregs present before the treatment is also
associated with the extent of response to daratumumab,
particularly in the case of the durable response.

This study comprised 44 patients with relapsed/refrac-
tory multiple myeloma (median age: 77 years, range: 50-
92 years) who were treated with daratumumab at the
Kameda Medical Center. The patient population included
all patients who had an evaluable response and were fol-
lowed up for =1 cycle of daratumumab. Peripheral blood
and bone marrow samples were analyzed before and dur-
ing the treatment. This study was approved by the
Institutional Review Board of the Kameda Medical
Center and conducted in accordance with the
Declaration of Helsinki. Patients' characteristics and
treatment details are summarized in Table 1. The major-
ity of patients (82%) received more than two prior ther-
apies with the median of four prior lines of therapy.
Almost all patients were refractory to proteasome
inhibitors (PI) and IMiD. Fourteen patients (32%)
received a Pl-based regimen, 28 (64%) received an IMiD-
based regimen, and two (4%) received other daratumum-
ab-containing regimens. Twenty-seven patients (61%)
had a partial or better response (responders), whereas 17
patients (39%) did not respond (non-responders).

A previous report had demonstrated a significant posi-
tive association between CD38 expression levels in
myeloma cells and the efficacy of daratumumab
monotherapy.” We therefore analyzed CD38 expression
levels in bone marrow myeloma cells before the treat-
ment to investigate whether they could predict the

Table 1. Patients’ characteristics.

Parameter N of patients (N = 44)

Median age, years (range) 77 (50-92)
Male (%) 24 (55%)
Female (%) 20 (45%)
Paraprotein type
IsG 19 (43%)
IgA 9 (21%)
IgD 1 (2%)
LCD 15 (34%)
Previous therapies 4 (1-11)
> 2 lines of therapy 36 (82%)
<2 lines of therapy 8 (18%)
Double refractory 42 (95%)
Regimen
Pl-based 14 (32%)
IMiD-based 28 (64%)
Others 2 (4%)
Response
= PR (responder) 27 (61%)
< PR (non-responder) 17 (39%)

N: number; LCD: light chain disease; Pl: proteasome inhibitor; IMiD: immunomod-
ulatory drug; PR: partial response.

extent of response to daratumumab alone or in combina-
tion with IMiD or PI. CD38 mean fluorescence intensity
(MFI) was accessed in the neoplastic plasma cell popula-
tion (CD38"#"/CD138""/CD56" or CD56 /CD19") (Figure
1A). As previously reported, there was marked hetero-
geneity in CD38 MFI values. Pre-treatment CD38 MFI
levels were significantly higher in responders than in
non-responders (Figure 1B). Although 20 patients
showed a rapid response even after one cycle of daratu-
mumab (early responders), CD38 MFI was significantly
higher in the early responders than in others, indicating
that the early cytotoxic effect occurred due to the direct
antibody effect (Figure 1B). Therefore, even when com-
bined with IMiD or PI in a real-world setting, pre-treat-
ment CD38 MFI of myeloma cells may be an eatly pre-
dictor of the response to daratumumab. However,
patients with relatively low CD38 MFI also presented a
clinical response, suggesting the existence of indirect
mechanisms.

Next, we examined lymphocyte subsets, including
CD38" Tregs, before and after the treatment to investi-
gate the immunomodulatory mechanism of daratumum-
ab. As reported previously,” we confirmed that absolute
CD8" T-cell numbers significantly increased after daratu-
mumab treatment. Moreover, we found that the absolute
numbers of HLA-DR"-activated T cells were also signifi-
cantly higher after the treatment. However, these
increased numbers of CD8" and HLA-DR* T cells did not
correlate with clinical response (data not shown). It has
been shown that CD38 expression levels correlate with
FOXP3 expression in Tregs of multiple myeloma
patients,” and CD38"¢" Tregs are more immunosuppres-
sive in vitro than CD38-negative Tregs.*” To confirm the
effect of daratumumab on these Tregs, we examined the
changes in the circulating Treg numbers after daratu-
mumab treatment. Tregs were identified as a fraction of
the CD4'CD25""CD127dim population (Figure 1C)."
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Figure 1. CD38 expression levels in myeloma cells and the frequency of circulating CD38-positive regulatory T cells (Tregs) are associated with the response
to daratumumab. Bars indicate the median with interquartile range. Significance of differences between the indicated groups was assessed by the Mann-
Whitney U-test. *0.01<P<0.05; **0.001<P<0.01; ***P<0.001; n.s: not significant. (A) Flow cytometry analysis of CD38 mean fluorescence intensity (MFI) in
the clonal plasma cell population. Clonal plasma cells were defined as the CD38"#"/CD138"¢"/CD56"* or CD56/CD19- population. Representative flow cytometry
histograms are shown. The percentages of the gated subsets are shown. Flow cytometry was performed using the antibodies from Beckman Coulter on a Navios
cytometer (Beckman Coulter). (B) Comparison of CD38 MFI in myeloma cells of responders (defined as those with partial response or better) and non-respon-
ders. (C) A representative example of the gating strategy used for circulating CD38" Tregs is shown. Tregs were identified as a fraction of the
CD4+CD25""'CD127°™ population. The percentages of the gated subsets are shown. (D) Difference between the frequency of the total Tregs and CD38-negative
Tregs before and four weeks after daratumumab treatment. y-axis: absolute numbers of Treg cells (cells/uL). (E) Comparison of the numbers of circulating CD38*

and total Tregs between responders and non-responders.

Notably, the absolute number of CD38" Tregs among the
patients was highly variable (Figure 1D). After the admin-
istration of daratumumab, CD38" Tregs were almost
undetected, suggesting a possibility that daratumumab
eliminated CD38" Tregs, or that the lack of CD38 detec-
tion was due to competition of the CD38 detection anti-
body for binding sites with daratumumab."” We also uti-
lized a CD38 multi-epitope antibody; however, CD38
expression in Tregs was also undetected (Ounline
Supplementary Figure S1). Importantly, the absolute total
number of Tregs significantly decreased four weeks after
the start of the treatment. Moreover, CD38-negative Treg
numbers remained relatively stable after daratumumab
treatment (Figure 1D). These results suggested that dara-
tumumab primarily targeted CD38" Tregs. Therefore, as
CD38" Treg number increased, daratumumab-induced
depletion of Tregs became more pronounced. Thus,
immunomodulatory effects are more likely to be induced
in patients with higher CD38" Treg numbers. Indeed, the
absolute number of CD38" Tregs before the treatment
was significantly higher in responders than in non-
responders (Figure 1E). However, the absolute total num-
ber of Tregs was not associated with clinical response
(Figure 1E). These results indicate that the frequency of
CD38" Tregs differed among the patients and that they
affect the response to daratumumab.

As mentioned above, CD38 expression levels rapidly
declined after daratumumab treatment.”” However, some
patients presented with durable and deep responses to
daratumumab, likely due to immunomodulatory effects.
Indeed, among the 24 responders who were followed up
for =6 months, 17 showed a long-lasting response (=6
months, durable responders). Importantly, the absolute
number of CD38" Tregs was significantly higher in these
responders (Figure 2A). However, CD38 MFI of myeloma
cells was not associated with durable response (Figure
2B). Furthermore, the reduction in total numbers of Tregs
was significantly higher in the durable responders than in
others, suggesting the elimination of CD38" Tregs (Figure
2C). These results indicate that patients with more
CD38" Tregs have durable responses to daratumumab.
Finally, to investigate the role of CD38" Tregs in disease
progression, we analyzed the frequencies of CD38" Tregs
in healthy volunteers and patients with monoclonal gam-
mopathy of undetermined significance, smoldering
myeloma, newly diagnosed myeloma, and
relapsed/refractory myeloma. CD38" Treg numbers were
significantly higher in the relapsed myeloma group than
in the other disease or control groups (Figure 2D), sug-
gesting that CD38" Tregs play an important role in the
progression of myeloma. This circumstance provides a
rationale for targeting CD38" Tregs using daratumumab
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in relapsed/refractory multiple myeloma patients.

CD38 expression in Tregs is up-regulated by IMiD
in vitro and in vivo, possibly due to a negative feedback
loop involved in maintaining immune homeostasis.”"*"*
The majority of our patients were heavily treated, and
almost all patients had a history of treatment with IMiD.
The reason why the total number and ratio of CD38*
Tregs are variable is not clear; however, the results from
Figure 2D suggest that CD38"' Tregs are involved in the
refractory pathology of myeloma. Indeed, Usmani et al.
reported a case of heavily treated myeloma with deep
and durable response to daratumumab monotherapy. In
that patient, immunophenotyping revealed a decrease in
the numbers of Tregs during daratumumab therapy."

One limitation of our study was that we could not
accurately assess CD38 expression after daratumumab
administration, because we did not use a non-cross-reac-
tive CD38 antibody, such as Humax-003 or JK36."
However, we showed that CD38 expression levels in
myeloma cells and CD38" Treg before the treatment may
serve as predictors of the response to daratumumab.
Evaluation of the pre-treatment status may be useful
because CD38 expression levels are not affected by dara-
tumumab administration.

Although various mechanisms of action have been
reported for daratumumab, few reports have examined
the factors predicting the response in the clinical practice
setting. Here, we showed that pre-treatment levels of
CD38 MF are a possible predictive marker for early
response to daratumumab even when combined with PI
or IMiD. Moreover, we found that the frequency of
CD38" Tregs present before the treatment is highly het-
erogeneous in relapsed/refractory multiple myeloma
patients and may also serve as marker of durable
response. These results provide evidence to support mul-

newly MM: newly diagnosed multiple myeloma; R/R MM:
relapsed/refractory multiple myeloma.

tiple mechanisms of action of daratumumab, including
antibody-dependent  cellular  cytotoxicity = and
immunomodulatory effects. Furthermore, our results
indicated an association between durable response and
immunomodulatory mechanisms. To obtain a deep
response, a sustained response is necessary. Thus,
immunomodulatory effects obtained by depleting CD38"
Tregs may prove to be more important than any direct
effects of daratumumab. Elucidation of the accurate
mechanisms of action should result in the development
of effective CD38-targeting strategies, which will further
contribute to improved clinical outcomes for multiple
myeloma patients.
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