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covery in this setting.

KEYWORDS

INTRODUCTION

Suppression of polyclonal (uninvolved) immunoglobulin
production (immunoparesis) is a hallmark of multiple my-
eloma (MM) and its precursor states."” Defined as a decrease
in concentration below lowest limit of normal (LLN) of at
least one uninvolved immunoglobulin, immunoparesis is
present in up to 90% of patients with newly diagnosed MM or
relapsed/refractory disease.””® In MM requiring treatment,’
immunoparesis is associated with advanced International
Staging System scores and high bone marrow infiltration by
malignant plasma cells, reflecting that tumour burden may
be one of the most important factors accountable for this phe-
nomenon.® This may explain why the presence of immuno-
paresis at diagnosis or relapse has been associated with worse
outcomes.>®° Multiple mechanisms responsible for the sup-
pression of polyclonal immunoglobulin have been proposed,
including decreasing the number of B-cell progenitors,” and
suppression of proliferation and differentiation of normal B
cells caused by cross-signalling between myeloma cells and
marrow microenvironment leading to decrease in stimula-
tory cytokines such as interleukin-4 or B-cell stimulatory fac-
tor 1 and increase in inhibitory signalling activity mediated
by transforming growth factor f1 or B-cell growth inhibitory
factor 1.'*!" In line with these theories, effective treatment of
MM is associated with recovery of polyclonal immunoglobu-
lin and restoration of cytokine homoeostasis.”'?

Based on this rationale, several studies investigated
prognostic significance of uninvolved immunoglobulin re-
covery. It has been shown that polyclonal immunoglobulin
recovery after induction therapy is associated with superior
progression-free survival (PFS) and overall survival (OS) in
newly diagnosed, transplant ineligible patients.” For patients
undergoing autologous haematopoietic stem cell transplan-
tation (ASCT), recovery from immunoparesis 1year later
was associated with superior PFS and 08."*™'

However, these studies were not conducted in the era of
continuous and/or extended maintenance therapy, which is
now common for many patients with MM. This is particu-
larly important in the context of maintenance therapy after
ASCT, where continuous single agent lenalidomide is a well-
established standard of care, with multiple lines of evidence
showing its survival benefit over placebo.”° Recently, two
studies investigating carfilzomib-based maintenance regimens

the concentrations of uninvolved immunoglobulin and the number of B-cell unique
sequences increased over time, approaching values observed in the R arm. There
were no differences in progression-free survival between the patients with at least
partial immunoglobulin recovery and the remaining population. Our analysis in-
dicates that patients receiving continuous therapy after ASCT experience prolonged
immunoparesis, limiting prognostic significance of polyclonal immunoglobulin re-

ATLAS, carfilzomib, immunoparesis, lenalidomide, maintenance, myeloma

demonstrated superior PFS compared to lenalidomide alone,
suggesting a potential role for even more intensive mainte-
nance therapy following ASCT.*>** Considering the impact
that extended treatment may have not only on malignant
plasma cells but also on normal plasma cells,”>** we evaluated
polyclonal immunoglobulin recovery after ASCT and its prog-
nostic significance in the setting of extended post-transplant
maintenance therapy. Towards this goal we have performed a
subanalysis of the prospective, randomized, phase 3 ATLAS
trial where patients with MM after ASCT were continuously
treated either with single agent lenalidomide (R) or minimal
residual disease (MRD)-directed, risk-adapted therapy with
carfilzomib, lenalidomide and dexamethasone (KRd).

METHODS
Patients and study design

ATLAS (NCT02659293) is an ongoing, open-label, rand-
omized, phase 3 trial evaluating post-ASCT treatment with
R alone versus KRd. The study, its protocol and amendments
were approved by the institutional review board or ethics
committee at each participating institution and the Office
for Registration of Medicinal Products, Medical Devices
and Biocidal Products in Poland. The study is conducted in
accordance with the Declaration of Helsinki and the Inter-
national Conference on Harmonization of Good Clinical
Practice guidelines.

The detailed design of the ATLAS trial has been previ-
ously described.” Briefly, patients with MM that completed
any induction therapy followed by single ASCT were eligible
for enrolment up to 100 days after the ASCT. Only patients
with complete data on immunoglobulin concentration (IgG,
IgM and IgA) were included in this subanalysis (Tables S1
and S2).

All survival analyses were conducted using the previously
published results from the unplanned interim report.

Treatment

Details of treatment have been previously described.”! Pa-
tients were randomized in a 1:1 ratio to either R or KRd.
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Randomization was stratified by cytogenetic risk (high vs.
standard), response after ASCT (at least very good par-
tial response vs. less than very good partial response) and
country of enrolment (Poland vs. the United States). Pa-
tients in the KRd group received treatment in 28-daycy-
cles (carfilzomib in cycle 1days 1 and 2 at 20 mg/m? and
in subsequent days and cycles 36 mg/m? administered on
days 1,2, 8,9, 15 and 16 of cycles 1-4 and days 1, 2, 15 and
16 from cycles 5 and beyond; lenalidomide 25 mg on days
1-21; and dexamethasone 20 mg on days 1, 8, 15 and 22).
Patients in the KRd arm who had no detectable MRD as
defined by the International Myeloma Working Group (at
least 107° sensitivity and at least in a complete response)*®
after cycle 6 (C6), and had no high-risk cytogenetic fea-
tures as defined in the protocol (no dell3, t(4;14), t(14;16),
dell7p, or hypodiploidy) de-escalated to single agent le-
nalidomide (at best-tolerated dose, up to 15mg) starting
with cycle 9. Patients in the R maintenance group received
single agent lenalidomide at 10 mg for the first three cy-
cles and then at best-tolerated dose <15mg for 28 days
in 28-daycycles. After 36 cycles of treatment, patients in
both arms received or continued to receive R maintenance.
Treatment continued until disease progression, unaccep-
table toxicity or patient's decision.

Infection prophylaxis, per protocol, required valacyclovir
500 mg orally, once per day (or equivalent). Additional pro-
phylaxis was at the treating investigators' discretion.

Immunoglobulin concentration measurements

Immunoglobulin concentration was measured at the be-
ginning of each cycle by nephelometry in local labora-
tories at each participating site. In this study results at
screening, after C6, cycle 12 (C12), cycle 18 (C18), cycle
24 (C24), cycle 30 (C30) and cycle 36 (C36) were ana-
lysed. For the purpose of this analysis, immunoparesis
was defined as a decrease in at least one uninvolved im-
munoglobulin of more than 25% below LLN, as defined
by local laboratories. We defined complete polyclonal
immunoglobulin recovery as normalization of all un-
involved immunoglobulin. Partial polyclonal immuno-
globulin recovery was defined as normalization of at
least one uninvolved immunoglobulin. Quantitative im-
munoparesis was assessed as in Chakraborty et al.* The
method is based on calculation of relative difference by
subtracting LLN for each polyclonal immunoglobulin
from their measured concentration and then dividing
the result by the LLN. Average relative difference (ARD)
was calculated for each patient as a mean of all relative
differences.

Immunoglobulin concentration — LLN
LLN

Relative difference (RD) =
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B-cell diversity assessment

Total number of unique sequences in immunoglobulin
genes (IgH, IgK and IgL) was assessed using next-generation
sequencing-based ClonoSEQ assay (Adaptive Biotechnolo-
gies) for MRD evaluation. Bone marrow samples were col-
lected from evaluable patients (with trackable sequence
identified) at screening, after C6, C12, C18, C24 and C36.

Statistical analysis

Descriptive statistics (median, 95% CI) were employed to
describe the ARD and the numbers of unique sequences at
the assessed timepoints. Mixed-effects model with repeated
measures was used to examine the differences between the
arms, with the treatment group and time of measurement
as the fixed effects. For single-measurement comparisons,
differences between categorical variables were calculated
using Fisher's exact test and Mann-Whitney U test was used
to compare continuous variables that did not follow normal
distribution. The Kaplan-Meier method was utilized to cal-
culate PFS and OS rates from the landmark timepoint (after
C12), and the log-rank test was performed to compare the
groups. The analysis was conducted using GraphPad Prism
version 10.1.

RESULTS

A total of 180 patients were randomized to either KRd (1 =93)
or R (n=87). At the 31 December 2021 data cut-off, median
follow-up was 33.8 months (interquartile range: 20.9-42.9).
Complete data regarding immunoglobulin concentrations
at screening were available for 175 (97.2%) patients, 89
(95.7%) from the KRd arm and 86 (98.9%) from the R arm.
Before initiation of maintenance therapy, immunoparesis
was present in 122 (69.7%) subjects—62 (69.7%) in the KRd
and 60 (69.0%) in the R arm. There were no significant dif-
ferences in baseline characteristics of the patients with or
without immunoparesis assessed at screening (Table 1).

To describe the kinetics of polyclonal immunoglobulin
recovery in the context of continuous treatment we evalu-
ated their concentrations at subsequent timepoints. After
C6, complete recovery was observed in 10/159 (6.3%) eval-
uable patients across both treatment arms. This proportion
remained relatively low throughout the follow-up period,
reaching 8/140 (5.7%), 13/122 (10.7%), 10/106 (9.4%), 11/92
(12.0%) and 10/64 (15.6%) after C12, C18, C24, C30 and C36
respectively (Figure 1; Figure S1). This low rate of complete
recovery was mostly related to the prolonged suppression
of uninvolved IgM, whereas the uninvolved IgA and IgG
showed tendency to return to normal range with longer ob-
servation time (Figure S2). Rates of partial recovery were

Average relative difference (ARD) = RD uninvolved_IgA + RDuninvolved_IgG +RD uninvolved_IgM
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TABLE 1 Baseline characteristics.

Immunoparesis at screening

(n=122)

Median age (IQR), years 59.0 (49.0-63.0)
Study arm

KRd 62 (51%)

R 60 (49%)
Type of monoclonal protein

IgG 92 (76%)

IgA 16 (13%)

IgM 3 (2%)

FLC 11 (9%)
Sex

Female 57 (47%)

Male 65 (53%)
Baseline ECOG performance status

0 57 (47%)

1 65 (53%)
ISS stage

I 46 (38%)

11 54 (44%)

11 22 (18%)
>VGPR at enrolment 107 (88%)
Cytogenetic profile

Standard risk 96 (79%)

High risk® 26 (21%)
Median time from ASCT, days (IQR) 96.0 (76.0-119.0)
Type of induction

VTD 81 (67%)

VCD 21 (17%)

Other” 20 (16%)

No immunoparesis at screening

(n=53) p Value

55.0 (47.0-61.5) 0.07
27 (51%) 0.99
26 (49%)

34 (64%) 0.44
11 (21%)

1 (2%)

7 (13%)
25 (47%) 0.99
28 (53%)
19 (36%) 0.18
34 (64%)
19 (36%) 0.94
25 (47%)

9 (17%)
49 (92%) 0.44
43 (81%) 0.71
10 (19%)

98.0 (81.0-121.5) 0.57
32 (61%) 0.72
10 (19%)

11 (20%)

Note: Data are median (IQR) or # (%).

Abbreviations: ASCT, autologous stem cell transplantation; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; VCD, bortezomib, cyclophosphamide,
dexamethasone; VGPR, very good partial response; VID, bortezomib, thalidomide, dexamethasone.

“The presence of del13, t(4:14), t(14:16), del17p or hypodiploidy.
"Other induction regimens included KRd, Vd, VTD-PACE, PAD and VRd.

higher, having been observed in 75 (47.2%), 86 (61.4%), 79
(64.8%), 74 (69.8%), 62 (67.4%) and 37 (57.8%) patients after
Cé6, Cl12, C18, C24, C30 and C36 respectively (Figure 1;
Figure SI).

There were significant differences in ARD between the
patients continuously treated with KRd (KRd36) and those
in the Rarm (p=0.007). Considering the study design which
involved de-escalation from KRd to R after cycle 8 (C8) for
a subset of MRD-negative standard-risk patients (KRd8-R),
these patients were analysed separately from the KRd36
arm, following C8. Starting from the assessment at C12, the
ARD was similar for patients in the R arm and the KRd8-R
arm (p=0.27), while it was lower for the KRd36 as compared
to KRD8-R (p <0.001). The median ARD at screening for pa-
tients in the KRd and R arms equals —21% (95% CI: —32% to

—8%) and —19% (-33% to —6%) respectively. After C6, how-
ever, ARD was lower (more deviated from normal) in the
KRd am, —39% (—47% to —28%) vs. 0% (—8% to +26%). The
ARD at C12 for patients in the KRd8-R group equalled —3%
(-=30% to +27%), in the KRd36 group —47% (-57% to —27%)
and in the control R arm +24% (+6% to +45%) (Figure 2A).
At later timepoints, the ARD continued to increase in pa-
tients treated with lenalidomide and remained at the same,
low level for those continuously treated with KRd (Cl18:
~37% [~52% to —21%], C24: ~13% [~54% to +1%], C30: —35%
[-56% to 0%] and C36: —33% [-58% to +21%)], Figure 2A).
Starting from Cl18, the median ARD in the KRd8-R and R
arms were as follows: +21% (+7% to +60%) vs. +50% (+19% to
+65%) at C18; +37% (+8% to +62%) vs. +44% (+20% to +94%)
at C24; 37% (+16% to +74%) vs. 28% (+17% to +94%) at C30;
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BRITISH JOURNAL OF HAEMATOLOGY

10.5%
16.7% 18.5%

@ No recovery

Rates of polyclonal immunoglobulin recovery at different timepoints for each study arm and separately for those patients who de-

@ Partial recovery
Il Full recovery

Screening C6 C12 Screening C6 C12
150 300+ 300 2.0x108 1.5x108 1.5%108
b = = o 2 2
o
2 100 g g § 2 §
o o 200 & 200 @©1.5%108 o o
g £ & 2 2 1.0x10° o 1.0x108
5 ® 5 5 8 8 g
2 2 100 2 100 @1.0x100 o o
£ olgm-Pl- E g g g g
& & & £ £ 5010t ' 50x10°
o ©  gdd L T e e T LN 5.0x105
g = g £ 5 3 5
(3
H z 2 © = 0o =
"7 KRd R - R 100-"—(Rd36 KRd8R 0o KRd R : KRd R 00 S & @
d
& &
Summary Summary
B KRd36 [ KRd8-R = R 1x105 Bl KRd36 [ KRd8-R = R
8
2 8x105
100 ]
= § 6x105
g ®
g 3 4x105
& 50 H
a S
— 5 -
A 5 2x10!
k] SR
G |
g o O © v D ok O © b D ab W0 © O & o .0
3 STy &P S &(\9 PN S
g o o &
-4 9 5 3
50
(\63 SV S® & PP NP e‘\\@ PP
éé ,’(} 9"‘
FIGURE 2 (A) Average relative difference in concentration of uninvolved immunoglobulin assessed at different timepoints. (B) Number of total

unique sequences for immunoglobulin genes detected in bone marrow samples. Values are reported for each study arm and separately for the patients

who de-escalated the therapy from KRd to R (KRd8-R) after cycle 8.

and +61% (=5% to +130%) vs. +64% (+14% to +120%) at C36.
A similar pattern of persistent immunoparesis in patients
treated continuously with KRd emerged in the qualitative
analysis. After C6, partial and complete recovery of poly-
clonal immunoglobulin were observed in 24/81 (29.6%) and
3/81 (3.4%) of patients in the KRd arm compared with 51/78
(65.4%) and 7/78 (9.0%) in the R arm. After C12, partial and
complete recovery were seen in 9/36 (25.0%) and 0/36 (0%)
for KRA36, in 26/38 (68.4%) and 1/38 (2.6%) for KRd8-R
and in 51/66 (77.2%) and 7/66 (10.6%) for R. The rates of

partial and complete recovery of uninvolved immunoglobu-
lin remained lower for continuous KRd arm through further
timepoints (Figure 1).

Impact of continuous treatment on B cells was further as-
sessed by measuring the number of unique immunoglobulin
gene sequences. The results were congruent with quantitative
polyclonal immunoglobulin assessment (Figure 2B). The dif-
ferences were significant for the comparison between KRd36
versus R (p=0.013), and KRd36 versus KRd8-R (p=0.003),
whereas non-significant between R versus KRd8-R, starting
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at C12 (p=0.46). At screening, the median number of total
unique sequences among evaluable (n=48) patients ran-
domized to the KRd arm equalled 570552 (95% CI: 463 912-
745763) and 601 994 (95% CI: 509 802-747 969) in the R arm
(n=44). After C6, patients treated with KRd (n=53) had less
diverse B-cell repertoire than those on R (n=44) (114519;
95% CI: 71776-190698 vs. 284350; 95% CI: 167952-
474260). Interestingly, patients who de-escalated therapy to
R after C8 (n=22) expanded their number of unique B cells
to the level observed in the R arm (n=41) (397 239; 95% CI:
215414-611 114 vs. 458 864; 95% CI: 281 425-574432) while
the total numbers of unique sequences among patients con-
tinuously treated with KRd remained lower (134058; 95%
CI: 54881-348425, n=23).

To examine the correlation between the suppression of
polyclonal immunoglobulin production and response to
treatment, we analysed the ARDs in subgroups of MRD-
negative and MRD-positive patients, based on previously
reported results for MRD status after C6.2' At this time-
point, median ARD was significantly lower in MRD-negative
patients (—26% [-33% to -14%] vs. —9% [-19% to +6%],
p=0.027). Intriguingly, this difference was partially related to
the MRD-negative patients treated on the R arm (Figure 3A).
We did not observe any significant differences in total unique
sequences number based on MRD status (Figure 3B).

(A) Whole population

w

[=3
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1

300

200
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(=]

(=]
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Next, we assessed if complete polyclonal immunoglob-
ulin recovery after C12 is associated with favourable out-
comes. Notwithstanding that patients with early progression
were excluded from this analysis, recovery of polyclonal im-
munoglobulin at C12 was not associated with significant
differences in PFS (median 25.2months for recovered vs.
47.1 months for not recovered, HR=2.41 [0.62-9.47], p=0.21;
Figure 4A) or OS (median 49.8 for recovered vs. not reached
for not recovered, HR=1.16 [0.13-10.65], p=0.90; Figure 4B).
In addition, at least partial recovery of polyclonal immuno-
globulin at C12 was not significantly associated with PFS
(median 53.4months for recovered vs. 47.1 months for not
recovered, HR=1.07 [0.54-2.10], p=0.85; Figure 4C) or OS
(median not reached for recovered vs. not reached for not
recovered, HR=1.22 [0.34-4.37], p=0.76; Figure 4D). When
adjusted for the treatment arm (KRd36, KRd8-R, R) partial
polyclonal immunoglobulin recovery also did not predict
superior PFS (Figure 5). From the perspective of the current
standard of care consisting mainly of R maintenance, we an-
alysed landmark PFS and OS after C12 for subjects on the
R and KRd8-R arms; there was again no prognostic signif-
icance of complete or partial uninvolved immunoglobulin
recovery (Figure S3). Also, the number of unique B-cell se-
quences at C12 and the presence of premaintenance immu-
noparesis were not associated with PFS (data not shown).
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(A) Average relative difference in uninvolved immunoglobulin concentration and (B) total number of unique sequences for

immunoglobulin genes measured after C6 in minimal residual disease (MRD)-negative and MRD-positive patients, MRD was assessed at the
corresponding timepoint. Results are presented for the whole population and separately for the two study arms. Statistically significant differences

(p<0.05) are marked with *’.
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in group without any recovery versus at least partial recovery.

DISCUSSION

This is, to our knowledge, the first published report in-
dicating no positive association of polyclonal immuno-
globulin recovery with survival in patients after ASCT in
a population uniformly treated with lenalidomide-based
maintenance, using either single agent lenalidomide or
KRd. The results of this post-hoc analysis from a prospec-
tive evaluation of patient data from a randomized phase
3 trial indicate that the prognostic role of polyclonal im-
munoglobulin recovery is limited in patients receiving
continuous single agent or combination therapy in the
post-transplant setting.

To date, four studies evaluated the impact of immuno-
paresis after ASCT in MM."™'® All of them were retrospec-
tive in nature and included 50, 108, 197 and 295 patients
respectively. In three of these four trials, uninvolved immu-
noglobulin recovery 1year after ASCT was associated with
improved PFS and OS and in one trial it was associated with

improved OS. In only one of these studies a significant pro-
portion (112/197 [57%]) of patients were treated with lena-
lidomide maintenance." Other reports assessed patients
without any maintenance therapy'® or with therapies that
are no longer in use in the post-transplant setting, such as
thalidomide'? or interferon-a."® To make our analyses com-
parable, we used here the same definitions of immunoparesis
(25% below LLN) and polyclonal immunoglobulin recovery
as in these publications.

In our analysis, only 5.7% of patients experienced com-
plete recovery of all uninvolved immunoglobulin after
12cycles of therapy. It is strikingly low when compared
to previous studies that reported rates of 52%, 18.6% and
34.2%. Noteworthy, the lowest rate was reported by Jimenez-
Zepeda et al.,"* possibly reflecting the ‘plasmacytotoxic’ im-
pact of contemporary maintenance/consolidation regimens.
The low proportion of patients with completely recovered
immunoglobulin in our study was consistently observed
throughout the follow-up period, up to 3years of therapy.

85U80|7 SUOWWIOD 3A 810 (e (dde 8Ly Aq pausenob afe sejonse VO @sn JO Sa|nJ Joj A%eiq1T8uljuO A3|1A UO (SUORIPUOO-pUe-SWLRY/LI0D A8 1M A1 BUIUO//:SANY) SUORIPUOD pue swie | 8y} 89S *[£202/60/2T] Uo AriqiTauluo Aeim ‘Ariqi - 0BeoyD JO AisieAlun Aq 2606T UlA/TTTT OT/I0p/w00 A8 i Areiqijul|uoy//sdny woly pepeojumod ‘0 ‘THTZS9ET



IMMUNOPARESIS AFTER ASCT ON MAINTENANCE WITH KRd OR R

BRITISH JOURNAL OF HAEMATOLOGY

ber of ts/ number of pati (%)
HR (95% Cl)
At least partial No recovery
recovery (n=94) (n=46)
R
21/58 (36%) 2/8 (25%) S 1.59 (0.47-5.33)
KRd8-R
6/27 (22%) 2/11 (18%) L G 1.03 (0-21-5.09)
KRd36
219 (22%) 7127 (26%) A 0.68 (0.16-2.84)
Overall
29/94 (31%) 11/46 (24%) —— 1.07 (0.54-2.10)
Favors recovery <« » Favors no recovery
T T 1
0.01 003 0102 05 1 10
Hazard Ratio

FIGURE 5 Forest plot showing impact of at least partial polyclonal immunoglobulin recovery after cycle 12 on landmark progression-free survival

in different study arms.

Interestingly, this ongoing immunoparesis was mostly re-
lated to decreased concentration of uninvolved IgM. The
role of this particular isotype is noteworthy, considering the
results of an analysis of over 5000 patients with newly diag-
nosed MM which revealed that the depth of IgM suppres-
sion at diagnosis, but not IgA nor IgG, was associated with
survival.

A unique aspect of this study is the ability to assess
the prevalence of immunoparesis and its impact on PFS
and OS in patients continuously treated with KRd, a more
intensive approach than single agent maintenance. We
demonstrate here that while more intensive post-ASCT
treatment generated superior PFS in the unplanned in-
terim analysis, it was associated with deeper suppression
of uninvolved immunoglobulin production. This, in part,
may explain the slightly higher rate of grade 3 or higher
infections observed in the KRd arm (14% vs. 7%, p=0.12,
described in detail in Table S3), although not appearing to
affect favourable PFS for this arm. The low rates of grade
3 or higher infections in this study precluded an analysis
of the association between immunoglobulin recovery and
infection risk; larger sample size would be needed to de-
finitively analyse this association.

The study design involved de-escalation of therapy
from KRd to R, which allowed for evaluation of the impact
of proteasome inhibitor de-escalation on immunoglob-
ulin recovery. Following discontinuation of carfilzomib,
the levels of polyclonal immunoglobulin approached the
levels observed in patients treated with lenalidomide from
the beginning of post-ASCT treatment. This was even
more evident for the number of unique B-cell sequences;
patients in the KRd8-R group reached the B-cell diver-
sity level of those in the continuous R arm just 4 months
after de-escalating therapy. In the original trial report®'

the patients who de-escalated therapy still experienced the
benefit of initial KRd treatment and their outcomes ap-
peared better than standard-risk, MRD-negative patients
from the R arm. Based on this observation, it is possible
that the lack of polyclonal immunoglobulin recovery in
the context of continuous treatment is more of a proxy for
‘plasmacytotoxic’ drug activity than a reflection of im-
mune reconstitution needed for appropriate disease con-
trol. The observation that MRD-negative patients showed
lower ARD adds another argument for this reasoning.
Moreover, recently presented results from the PETH-
EMA/GEM group also did not confirm the prognostic
significance of immunoglobulin recovery while on main-
tenance therapy with lenalidomide, dexamethasone and
+ixazomib.?®

We anticipate that achieving immune recovery might
ultimately be desired for treatment outcome to lower the
risk of infections and/or enhance tumour immune surveil-
lance. At this interim analysis, we do not have sufficiently
long follow-up to assess whether immunoglobulin recov-
ery at later timepoints could affect PFS, OS or rates of in-
fections. Nevertheless, the results of the KRd8-R subgroup
appear to indicate that the adverse impact of initial post-
ASCT KRd treatment on humoral immunity can be rapidly
reversed through treatment de-escalation, guided by MRD
and risk status, while still retaining the clinical benefits
of the initial intensive therapy. We anticipate that results
from the ongoing MRD2STOP study (NCT04108624), in
which patients who achieve sustained MRD negativity at
107° sensitivity level combined with undetectable M-spike
and no evidence of disease by positron emission tomogra-
phy can discontinue maintenance treatment will further
help to unravel the effect of not only de-escalation but
also a cessation of lenalidomide maintenance on humoral
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immunity. It will be particularly interesting in the con-
text of recently published results documenting humoral
immune reconstitution in patients who discontinued qua-
druplet, carfilzomib-containing therapy after achieving
MRD negativity,”” with our data suggesting that this effect
may be mostly driven by the discontinuation of the prote-
asome inhibitor.

This study has several limitations. The analysis was not
preplanned and included post-hoc assessment of labora-
tory measurements collected during a randomized, phase 3
clinical trial. While nephelometry techniques were similar
across institutions, there may be slight differences in mea-
sured immunoglobulin levels across sites. We arbitrarily
chose timepoints for analysis to allow for comparison with
previous studies. While similar to previous reports, this
study population, once divided by treatment arms, is rela-
tively low. Polyclonal immunoglobulin and B-cell diversity
recovery may reflect the state of B-cell function recovery,
however, at the time of analysis, it is not clear if they are
associated with lower risk of infection or enhanced dis-
ease control. In the case of the number of unique B-cell
sequences, there is no known ‘normal’ number that would
indicate a normal functioning immune system.

The results of our study do not support a prognostic role
of polyclonal immunoglobulin recovery at 1 year after ASCT
in the contemporary landscape of lenalidomide-based single
agent and combination maintenance therapies. Combining
large prospective datasets with paired immunoglobulin and
B-cell repertoire data will be key to further understanding
the implications of immunoparesis and B-cell diversity in
the myeloma therapy continuum.
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