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Abstract

Immunoparesis (IP) in multiple myeloma (MM) patients can be measured by classic assessment of immunoglobulin (Ig) levels
or by analysis of the uninvolved heavy/light chain pair of the same immunoglobulin (UHLC) by the Hevylite® assay. In this study
we evaluate the prognostic value of recovery from IP measured by classic total Ig and uHLC assessment in newly diagnosed
MM transplant-eligible (NDMM-TE) patients with intensive treatment and its association with minimal residual disease (MRD).
Patients were enrolled and treated in the PETHEMA/GEM2012MENOSG5 trial and continued in the PETHEMA /GEM2014MAIN
trial. Total Ig (I1gG, IgA and IgM) and uHLC were analyzed in a central laboratory at diagnosis, after consolidation treatment and
after the first year of maintenance. MRD was analyzed by next-generation flow cytometry after consolidation (sensitivity level
2x10-%). We found no differences in progression-free survival (PFS) between patients who recovered and patients who didn’t
recover from IP after consolidation when examining classic total Ig and uHLC. However, after the first year of maintenance, in
contrast to patients with classic IP, patients with recovery from uHLC IP had longer PFS than patients without recovery, with
hazard ratio of 0.42 (95% confidence interval [CI]: 0.21-0.81; P=0.008). Multivariate analysis with Cox proportional-hazards re-
gression models confirmed recovery from uHLC IP after the first year of maintenance as an independent prognostic factor for
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PFS, with an increase in C-statistic of 0.05 (95% ClI: -0.04 to 0.14; P<0.001) when adding uHLC IP recovery. Moreover, we ob-
served that MRD status and uHLC IP recovery affords complementary information for risk stratification. In conclusion, recov-
ery from uHLC IP after 1 year of maintenance is an independent prognostic factor for PFS in NDMM-TE patients who receive
intensive treatment. Immune reconstitution, measured as recovery from uHLC IP, provides complementary prognostic infor-
mation to MRD assessment (clinicaltrials gov. Identifiers: NCT01916252 and NCT02406144).

Introduction

Immunoparesis (IP) is a very common finding in multiple
myeloma (MM) patients at diagnosis and it is defined as
the suppression of polyclonal uninvolved immunoglobulins
(Ig). Currently we can measure it in two ways. On the one
hand, we can analyze classic IP by measurement of total
IgG, IgA and IgM levels by nephelometry or turbidimetry. On
the other hand, Hevylite® assay can detect different heavy/
light chain (HLC) pairs, so it can measure immunoparesis
of the opposite pair of heavy and light chain to the one
involved, which is the pair with the same heavy chain and
the opposite light chain. Both types of IP are very common
in MM at diagnosis and occur in 80-90% of patients.”®
Several studies have shown that patients with classic IP
at diagnosis have worse prognosis than patients without
IP, in terms of progression-free survival (PFS) and overall
survival (0S)."? Suppression of the uninvolved HLC pair of
the same isotype (UHLC) and mostly severe suppression
of UHLC (<50% of lower limit of normality) at diagnosis,
has also been associated with poor prognosis.*”
Recovery from classical IP has been analyzed in a few
studies, mainly, but not only, after autologous stem cell
transplantation (ASCT). All of these studies showed that
patients who recovered from IP during or after treatment
had better prognosis than patients who didn’t recover from
it. However, these are observational and retrospective
studies and included patients over a wide period of time,
who therefore underwent non-homogeneous treatment.t-"
Although uHLC IP recovery has not been properly studied,
some papers have reported poor prognosis for patients
with an abnormal ratio of involved/uninvolved HLC at
follow-up or persistence of uHLC IP after treatment in
heterogeneously treated patients.*®

Minimal residual disease (MRD) in MM patients is actually
the most important prognostic factor during evolution of
the disease and probably will be the main driver of clinical
trials in the near future.™ However not all MRD-negative
patients have the same prognosis, and therefore other
evolutive prognostic factors are needed.”

The goal of this work is to evaluate the prognostic value
of IP recovery by measurement of classic total Ig and
UHLC and to assess the prognostic benefit of adding
IP recovery information to MRD in newly diagnosed MM
transplant-eligible (NDMM-TE) patients treated with a
fixed-duration approach within the GEM2012 and GEM2014
clinical trials.

Methods

Patients and treatment

We included NDMM-TE patients enrolled and treated in
the PETHEMA/GEM2012MENQOSG5 trial (clinicaltrials gov.
Identifier: NCT01916252) who continued with the PETHE-
MA/GEM2014MAIN clinical trial (clinicaltrials gov. Identifier:
NCT024061744). In the first trial, patients received six cycles
of VRD-GEM (bortezomib, lenalidomide, dexamethasone)
induction, ASCT conditioned with melphalan or busulfan
plus melphalan and consolidation with two cycles of VRD-
GEM. Afterwards, patients who achieved at least minimal
response were enrolled in the second trial that randomly
assigned them to maintenance with lenalidomide and low-
dose dexamethasone (Rd) or Rd plus ixazomib for 2 years.
Those patients who didn’t achieve MRD negativity after 2
years of maintenance received 3 more years of Rd to com-
plete a total of 5 years of maintenance. Response assessment
was performed according to International Myeloma Working
Group (IMWG) criteria.?® No differences in efficacy between
arms were found in the main analysis of this trial.”
Informed consent for both trials was obtained before pa-
tient participation. Each study site’s independent ethics
committee reviewed and approved both protocols. The
study was designed and conducted in accordance with the
Declaration of Helsinki.

Immunoglobulin analysis

Analysis of classic Ig (IgG, IgA and IgM) by turbidimetry and
UHLC analyzed by Hevylite® assay (The Binding Site Group
Ltd, Birmingham, UK) was performed in a central labora-
tory in samples at diagnosis, after consolidation and after
the first year of maintenance treatment. We considered IP
at diagnosis to be when one or more uninvolved total Ig
(classic IP) or uHLC (uHLC IP) were under the lower limit
of normal (LLN). We considered recovery from classic IP
to be when one or all Ig suppressed at diagnosis reached
at least the LLN; recovery from uHLC IP was considered
when uHLC reached at least LLN plus 10% in patients with
suppressed uHLC at diagnosis.

In the PETHEMA/GEM2012MENOSG5 trial, 458 patients
were included of which 332 patients entered the PETHE-
MA/GEM2014MAIN clinical trial. We included a total of 245
patients in this study, those who had samples available at
any of the three analyzed time points. Patients with light
chain only MM (LCMM) were included in the analysis for
classic Ig but were not included in the analysis for uHLC.
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For classic total Ig, we analyzed 234 patients at diagnosis,
233 after consolidation and 173 after the first year of main-
tenance. For uHLC, we analyzed 202 patients at diagnosis,
207 after consolidation and 154 after the first year of main-
tenance (Figure 1).

Minimal residual disease analysis

MRD was evaluated after consolidation treatment by
next-generation flow cytometry (NGF)"” with an estimated
sensitivity level of 2x10-6.

Outcomes

The main outcome examined in this study was PFS of pa-
tients with and without IP recovery after the first year of
maintenance when measuring classic total Ig and uHLC. In
addition, we explored PFS of patients according to IP re-
covery and MRD status.

PFS was defined as the time from the time point we are
evaluating (when groups are built) until progression, relapse
or death occurred.

Statistical analysis

Continuous variables are summarized with mean and range
while categorical variables are summarized by number of
patients and percentage. Survival analysis for PFS were
conducted by Kaplan-Meier methodology and differences
between survival curves were tested for statistical signif-
icance using the two-sided log-rank test. Univariate and
multivariate analysis were conducted using Cox propor-
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tional-hazards regression models, restricting the number
of variables included according to the number of events.
Concordance of each model was evaluated by Harrell’'s C
index and comparison between c-index values was done
by t test for related samples analysis. A P value <0.05 indi-
cated statistical significance. All statistical analyses were
performed using IBM SPSS Statistics software (version 25.0).

Results

The main characteristics of the 245 patients included (those
who had samples available at any of the 3 points) are sum-
marized in Table 1. Of note, 54.8% of patients evaluated had
high-risk cytogenetics because we included those patients
who had not only del17p, t(4;14), t(14;16) but also those
with +1921 cytogenetic alterations. Median PFS in these 245
patients was not reached after a median follow-up of 84
months and overall survival at 3 years was 94.6%. Number
of PFS events (relapse, progression or death) was 84, two
before maintenance treatment, 34 after consolidation and
before first year of maintenance and 48 after the first year
of maintenance.

Immunoparesis at diagnosis

At diagnosis we found classic IP measured by total Ig in
86.7% of patients (203/234) and uHLC IP in 94.5% of pa-
tients (191/202). No significant differences in PFS were found
between patients with or without IP at diagnosis for both

CLASSIC Ig (N=245)

Diagnosis 234 yes 11 no
223 1" 10 1
\4 \
. . 233 yes
consolidation i

Diagnosis

First year
maintenance

173 yes

uHLC (N=218)
Diagnosis | 202 yes 16 no Diagnosis
192 10 15 1
A\ 4
After First year

11 no

<
<

207 yes

consolidation

154 yes

maintenance

Figure 1. Flowchart showing patients analyzed and not analyzed from diagnosis to post-consolidation and from diagnosis to
after the first year of maintenance for classic immunglobulin G and for uninvolved heavy/light chain. IgG: immunoglobulin G;

UHCL: uninvolved heavy/light chain.

Haematologica | 109 June 2024
1911



ARTICLE - Immunoparesis recovery complements minimal residual disease

methods, but it should be pointed out that the number of
patients without IP was very small. For this analysis PFS was
measured from diagnosis and we found hazard ratio (HR)
=0.56 (95% Cl: 0.26-1.22; P=0.14) for classic Ig and HR=0.49
(95% CI: 0.12-2.01; P=0.32) for uHLC.

Immunoparesis recovery

For IP recovery we analyzed only patients with IP at diagno-
sis, and we investigated IP recovery both after consolidation
treatment and after the first year of maintenance. After con-
solidation we analyzed samples of 233 patients for classic
total Ig levels, but we excluded patients without Ig analysis
at diagnosis (10 patients) and also those who didn’t have IP
at diagnosis (28 patients), so IP recovery was evaluated in
the remaining 195 patients. For uHLC we analyzed samples
from 207 patients, but we excluded those without informa-
tion at diagnosis (15 patients) and those who didn’t have IP
at diagnosis (11 patients), so we evaluated uHLC IP recovery
in 181 patients. We found recovery of classic IP in 44.6% of
patients (87/195) and recovery of uHLC in 49.2% of patients
(89/181) who had IP at diagnosis. We found no significant
differences in PFS between patients who recovered and
patients who didn’t recover from IP, for both methods, at
this time point (PFS for this analysis was measured from
the end of consolidation). For classic Ig we found a HR=0.93
(95% ClI: 0.61-1.61; P=0.99) and for uHLC we found a HR=0.82
(95% Cl: 0.50- 1.36; P=0.45).

Of the 173 patients with available sample after the first year
of maintenance, nine were excluded because of lack of sam-
ple at diagnosis, 21 had no IP at diagnosis and ten had an
event for PFS before the end of first year of maintenance,
so a total of 133 patients were investigated for classic IP
recovery. A total of 124 of 154 patients were evaluated for
UHCL IP recovery (10 patients without analysis of uHCL at
diagnosis, 11 patients without uHCL IP at diagnosis and 9
patients who had an event for PFS before the end of the first
year of maintenance were excluded). We observed recovery
from classic IP in 53.8% (70/133) and recovery from uHLC
immunoparesis in 63.2% of patients (77/124) who had IP at
diagnosis. We found no differences in PFS between patients
who recovered and patients who didn’t recover from classic
IP with a HR=1.22 (95% CI: 0.65-2.30; P=0.538; Figure 2A).
However, patients with recovery from uHLC IP after 1 year
of maintenance had longer PFS than patients who didn’t
recover from uHLC IP (P=0.008) with a HR=0.42 (95% CI:
0.21-0.81; Figure 2B). For both analyses PFS was measured
from the end of the first year of maintenance.

Recovery from IP for both techniques was associated with
depth of response. For classic total Ig measurements, after
the first year of maintenance, 57.4% of patients in com-
plete response (CR) (58/101) had recovery from IP while
only 33.3% of patients in very good partial responsse (VGPR)
(9/27) recovered from classic IP (P=0.026). For uHLC after
the first year of maintenance, IP recovery occurred in 65.9%
of patients in CR (60/91) as compared to 53.6% of patients
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in VGPR (15/28), but this difference was not statistically
significant (P=0.236).

We analyzed other prognostic factors for PFS measured
from the end of the first year of maintenance, but, in uni-
variate analysis, only MRD status after consolidation and
high-risk cytogenetics at diagnosis were statistically sig-
nificant, in addition to recovery from uHLC IP after the first
year of maintenance. We created a multivariate analysis
model for PFS with uHLC IP recovery at the end of the first
year of maintenance, MRD status after consolidation and
high-risk cytogenetics found at diagnosis. As seen in Table
2, all three variables had independent prognostic value for
PFS. Harrell's C concordance index for this model was 0.62
(95% CI: 0.55-0.71) without uHLC IP recovery and 0.67 (95%
Cl: 0.58-0.76) after adding uHLC IP recovery to the model.
This difference, 0.05 (95% CI: -0.04 to 0.14), was statistically
significant (P<0.001).

As almost all the patients had uHLC IP at diagnosis, if we
analyze uHLC values at the first year of maintenance without

Table 1. Main characteristics of patients at diagnosis.

Characteristics All, N=245
Sex, N (%)

Male 135 (55.1)

Female 110 (44.9)
Age in years, mean (range) 56.1 (31-65)
Type of MM, N (%)

IgG 160 (65.3)

IgA 58 (23.7)

LCMM 27 (11.0)
LDH, N (%)

Normal 207 (87.3)

High 30 (12.7)
ISS stage, N (%)

1 104 (43)

2 80 (33.1)

3 58 (23.9)
Durie-Salmon stage, N (%)

1 31 (12.7)

2 99 (40.4)

3 115 (46.9)

Substage A 242 (98.8)

Substage B 3(1.2)
High risk cytogenetics, N (%)

Yes 115 (54.8)

No 95 (45.2)
Classic Ig immunoparesis, N (%)

Yes 203 (86.7)

No 31 (13.2)
uHLC immunoparesis, N (%)

Yes 191 (94.5)

No 11 (5.4)

MM: multiple myeloma; LCMM: light chain MM; LDH: lactate
dehydrogenase; ISS: international staging system; Ig: immuno-
globulin; uHCL: uninvolved heavy/light chain.

Haematologica | 109 June 2024
1912



ARTICLE - Immunoparesis recovery complements minimal residual disease

taking into account uHLC levels at diagnosis (N=163), similar
results are obtained. Patients with uHLC at the end of the
first year of maintenance above the cutoff value (LLN plus
10%) had longer PFS than patients with uHLC below cut-
off value with HR=0.45 (95% CI: 0.25-0.84; P=0.009). In a
multivariate model, together with MRD status and high-risk
cytogenetics, all three factors were statistically significant
and Harrell’s C concordance index for this model was 0.62
(95% ClI: 0.55-0.71) before including uHLC levels after the
first year of maintenance and 0.67 (95% Cl: 0.59-0.75) after
including it, this difference was also statistically significant
(0.05 [95% ClI: -0.03 to 0.13); P<0.001).

A
1,07
g\i
TU 0,87
2
>
S
=
w
) 0,67
)
S -
T Classic Ig
S immunoparesis
a 047 recovery
g —I1 Recovery
%b —I1 No recovery
a 02 P=0.538 —t— Recovery-censured
HR 1.22 (0.65 - 2.30 —+— No recovery-
( ) censured
0,07
T T T T T T
0 12 24 36 48 60
Time from first year of maintenance (months)
Number at risk
Recovery 70 64 55 40 13 0
No
recovery 63 56 51 a1 19 1
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Association of minimal residual disease status with
immunoparesis recovery

We also analyzed the prognostic value of the association
of MRD status after consolidation and uHLC IP recovery
at the end of the first year of maintenance. We evaluated
the association in the 122 patients where both data was
available: 45 patients were MRD-negative and recovered
from uHLC IP, 24 patients were MRD-negative but didn’t
recover from uHLC IP, 31 patients were MRD-positive but
recovered from uHLC IP and 22 patients were MRD-positive
and didn’t recover from uHLC IP. PFS for this analysis was
measured from the end of the first year of maintenance.

B
1,07
:\a 0,87
©
2
2
= 0,67
w
)
) l—w
S
G
é 0,471 uHLC
0 immunoparesis
§ recovery
Eo 0,2 P=0.008 —I1 Recovery
E HR 0.42 (0.21-0.81) —I1 No recovery
—+— Recovery-censured
No recovery-
0,0 —+ censured
T T T T T T
0 12 24 36 48 60
Time from first year of maintenance (months)
Number at risk
Recovery 77 70 68 58 27 1
No 40 32 22 6 0
recovery

Figure 2. Progression-free survival according to immunoparesis recovery after the first year of maintenance. (A) Progression-free
survival for classic immunglobulin G (IgG) immunoparesis recovery and (B) for uninvolved heavy/light chain (UHLC) immunopare-

sis recovery. HR: hazard ratio (95% confidence interval).

Table 2. Univariate and multivariate analysis for progression-free survival from first year of maintenance (M1).

Variables
P

Durie-Salmon stage(lI-1l vs. Ill), N=185 0.081
High-risk cytogenetics, N=161 0.018
LDH (normal vs. high), N=178 0.105
ISS stage (I vs. lI-1ll), N=182 0.059
Conventional response at M1 (CR vs. VGPR), N=179 0.107
MRD status after consolidation, N=182 0.002
uHLC IP recovery at M1, N=124 0.010

Univariate Multivariate
HR Cl 95% P HR Cl 95%
0.609 0.35-1.06 - - -
0.471 0.25-0.88 0.034 0.450 0.21-0.94
0.533 0.25-1.14 - - -
0.558 0.30-1.02 - - -
0.579 0.30-1.12 - - -
0.396 0.22-0.70 0.036 0.466 0.23-0.95
0.416 0.21-0.81 0.026 0.449 0.22-0.91

HR: hazard ratio; Cl: confidence interval; LDH: lactate dehydrogenase; ISS: international staging system; CR: complete re-
posnse; VGPR: very good partial response; MRD: minimal residual disease; uHCL: uninvolved heavy/light chain; IP: immuno-

paresis.
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Patients with both favorable factors (MRD-negative and
recovery from uHLC IP) had better PFS than patients with
both unfavorable factors (MRD-positive without recovery
from uHLC IP) with HR=0.23 (95% CI: 0.09-0.61; P=0.001;
Figure 3A, B). Both groups of patients with just one favor-
able factor (MRD-negative without recovery from uHLC IP
or MRD-positive with recovery from uHLC IP) have a simi-
lar prognosis and their prognosis is intermediate between
the other two groups (Figure 3A). If these two groups of
patients with just one favorable factor are joined into a
single group and this is compared to the other groups, it
has a HR=0.47 (95% ClI: 0.19-1.15; P=0.091) compared with
the “both favorable factors” group and a HR=0.48 (95% CI:
0.22-1.03; P=0.054) compared with the “both unfavorable
factors” group (Figure 3B).

Discussion

In this study we confirm the independent prognostic value
of recovery from uHLC IP after the first year of maintenance
in the setting of NDMM-TE patients treated within a clinical
trial with intensive fixed-duration treatment. Furthermore,
UHLC IP recovery at the end of the first year of maintenance
provides complementary prognostic value to MRD detection.
There was no prognostic value for recovery from classic IP
after the first year of maintenance in these patients.
Previous results for the prognostic value of uHLC and HLC
ratio during follow-up are consistent with our findings and
recovery from uHLC IP appears to be a solid prognostic
marker in MM.*® This may be due to the important impact
of dysregulation of immune system in MM patients at di-
agnosis that affects mainly T cells and dendritic cells, but
also B cells and NK cells.?? Recovery from uHLC IP is a good
marker for B-cell immune reconstitution in our population
and confers good prognosis. Other prognostic markers of
B-cell immune reconstitution have previously been report-
ed such as the presence of oligoclonal bands, percentage
of mature B cells in bone marrow or even recovery from
classic IP.2*2* |In previous studies®™ recovery from classic
IP was found to be an important prognostic factor for PFS
and OS in MM. Therefore, the lack of prognostic value for
recovery from classic IP in this study is surprising. A pos-
sible explanation is that previous studies included patients
non-homogeneously treated, during a wide period of time
and mostly with less intensive treatment. It is possible that
the intensity of the treatment in this trial prevented an
increase of classic total Ig levels but did not prevent uHLC
recovery after the first year of maintenance. Measurement
of UHLC appears to be a more sensitive method to detect
immune reconstitution than measurement of classic Ig, at
least in our scenario of intensive treatment. As far as we
know, this is the first study to compare immunoparesis
recovery of uHLC versus classic Ig.

After consolidation treatment, neither recovery from classic

S. Lakhwani et al.

Ig nor uHLC IP had any prognostic value. This time point
may be too early to evaluate recovery from IP. Previous
studies, evaluating classic Ig in patients who underwent
ASCT with less intensive induction, showed that the best
time point to evaluate prognosis of recovery from IP was
1 year after transplant.®'®’? Maintenance treatment in this
trial, which is less intensive than previous treatment (in-
duction, transplant and consolidation), allowed patients to
recover from uHLC IP but not classic Ig IP after the first year.
Maybe with a longer duration of maintenance treatment or
maybe with a longer interval after stopping maintenance
treatment, recovery from classic Ig IP will achieve a good
prognostic value. After the first year of maintenance, we
saw no difference in the prognostic value of recovery from
UHLC or classic Ig IP between treatment arms (Rd vs. Rd
plus Ixazomib), so time after transplant may be more im-
portant than the intensity of maintenance treatment when
considering recovery from IP.

The proportion of patients with uHLC IP at diagnosis in our
series was very high (94,6%) and we have confirmed that
similar results, in terms of prognosis, are observed if we
evaluate only the level of uHLC at the end of the first year
of maintenance instead of uHLC IP recovery compared to
baseline. Therefore, in clinical practice, if information on
UHLC value at diagnosis is not available, uHLC levels af-
ter the first year of maintenance alone can be used with
similar prognostic value.

Treatment-induced IP could be an important limitation for
using IP recovery (classic or uHLC) as a prognostic factor.
Anti-CD38 antibodies, which are now used in the first line
treatment of transplant-eligible and transplant-ineligible
patients, produce an important decrease of Ig levels. In
addition, bispecific antibodies and chimeric antigen recep-
tor (CAR) T cells produce a severe IP that usually needs
prophylactic treatment with intravenous Ig.?*2¢ Most of the
patients undergoing these treatments will probably not
achieve recovery of Ig levels, whether measured by classic
Ig or uHLC. Maybe we will need to look for small increases
in UHLC levels or whether uHLC levels follow a positive
trend to know which patients undergo immune reconstitu-
tion and have better prognosis. Other immune prognostic
markers should also be sought to give further information.
Supportive prophylactic treatment with intravenous Ig may
further complicate interpretation of changes in uHLC levels,
especially in IgG MM patients. Further studies to under-
stand uHLC behavior when we use anti-CD38 antibodies,
bispecific antibodies or CAR T-cell therapy are needed.

In this study we can see that the prognostic value of uHLC IP
recovery complements the prognostic value of an MRD result
at a single time point. It is known that the prognostic value
of sustained MRD negativity (for 12 or 24 months) is clearly
better than the prognostic value of just one MRD-negative
result.?” Some patients with a single MRD-negative result
become MRD-positive after a short period of time and
may suffer a relapse over the following months.”® Immune
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reconstitution may play an important role in sustaining
MRD negativity over time, but other factors also seem to
be implicated.?® Patients with very aggressive disease, as
those with two or more high-risk cytogenetic abnormal-
ities and those with high level of circulating tumor cells
at baseline lose MRD negativity more frequently.?®3° The
relationship between immune reconstitution, measured
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with uHLC IP recovery or other markers, evolution of MRD
measured by NGF or next-generation sequencing, and
aggressiveness markers of myeloma needs to be explored
in future studies.

In conclusion, recovery from uHLC IP is an independent
prognostic factor for NDMM-TE patients who receive inten-
sive continuous treatment. In addition, uHLC IP recovery

MRD & uHLC IP
Recovery

—I1TMRD -ve & IP recovery

—ITMRD -ve & NO recovery
MRD +ve & IP recovery

—ITMRD +ve & NO recovery
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Figure 3. Progression-free survival
according to minimal residual disease
status after consolidation and unin-
volved heavy/light chain immunopa-
resis recovery after the first year of
maintenance. (A) Progression-free
survival (PFS) of the 4 combinations
of minimal residual disease MRD (pos-
itive or negative) and uninvolved heavy/
light chain (UHLC) immunoparesis (IP)
(recovery or no recovery). (B) Compar-
ison of PFS of patients with both fa-
vorable factors (MRD-negative & uHLC
IP recovery), patients with only 1 fa-
vorable factor (MRD-negative or uHLC
IP recovery) and patients with both
unfavorable factors (MRD-positive &
absence uHLC IP recovery). -ve: neg-
ative; +ve: positive, rec: recovery.
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complements the prognostic value of an MRD result at a
single time point, but further studies in patients treated
with new therapies and longitudinal analysis of uHLC re-
covery alongside MRD are needed.

Disclosures

LR has received honoraria for lectures from Janssen,
BMS-Celgene, Amgen, Takeda, Sanofi and GSK. NP has
received honoraria for lectures and consultancy fees from
The Binding Site. BP has received honoraria derived from
lectures and/or participation on advisory boards from Adap-
tive, Amgen, Becton Dickinson, BMS-Celgene, GSK, Janssen,
Roche, Sanofi and Takeda; has received research funding
from BeiGene, BMS-Celgene, GSK, Roche, Sanofi and Takeda;
has received consultancy fees from BMS-Celgene, Janssen,
Sanofi and Takeda. RR-T has received honoraria for lectures
and consultancy fees from Amgen, BMS, GSK, Janssen, Sanofi
and The Binding Site; and has participated in advisory board
meetings at Beckton-Dickinson, GSK and Janssen. M-VM has
received honoraria derived from lectures and/or participation
on advisory boards from Janssen, Celgene, Amgen, Takeda,
AbbVie, GlaxoSmithKline, Oncopeptides, Sanofi, Pfizer, Roche,
and Stemline; and has received consultancy fees from The
Binding Site. J-JL has received consultancy fees and/or has
participated on advisory board of BMS, Sanofi, Amgen and
Janssen; and has received travel expenses from Celgene
and Pfizer. JS-M has participated on advisory boards and
consulting services for Abbvie, Amgen, BMS-Celgene, GSK,
Haemalogix, Janssen, Karyopharm, MSD, Novartis, Pfizer,

References

S. Lakhwani et al.

Takeda, Regeneron, Roche, Sanofi, and SecuraBio. All other
authors have no conflicts of interest to disclose.

Contributions

SL, M-TH and JS-M conceived and designed the study. M-APP
and LM-G analyzed the samples. SL and M-TH analyzed and
interpreted data and performed the statistical analysis. JDC
and RAF reviewed statistical analysis. SL, M-TH, JS-M, BP
and JM-L reviewed and interpreted the results. SL, M-TH
and JS-M wrote the paper. All authors provided patients,
and reviewed and approved the manuscript.

Acknowledgments

The authors would like to thank all the patients and care-
givers of this trial and all the investigators of the GEM/
PETHEMA Cooperative Study Group.

Funding

The present study was sponsored by PETHEMA (Spanish
Program for the Treatment of Hematological Diseases), Ma-
drid, Spain, and was coordinated by the Spanish Myeloma
Group (GEM-PETHEMA). Transfer of samples and reagents
for analysis was funded by The Binding Site Group Ltd. The
contents are solely the responsibility of the authors.

Data-sharing statement

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

1. Kastritis E, Zagouri F, Symeonidis A, et al. Preserved levels of
uninvolved immunoglobulins are independently associated with
favorable outcome in patients with symptomatic multiple
myeloma. Leukemia. 2014;28(10):2075-2079.

2. Heaney JLJ, Campbell JP, Igbal G, et al. Characterization of
immunoparesis in newly diagnosed myeloma and its impact on
progression-free and overall survival in both old and recent
myeloma trials. Leukemia. 2018;32(8):1727-1738.

3. Sgrrig R, Klausen TW, Salomo M, et al. Immunoparesis in newly
diagnosed multiple myeloma patients: effects on overall
survival and progression free survival in the Danish population.
PLoS One. 2017;12(12):e0188988.

4. Ludwig H, Milosavljevic D, Berlanga O, et al. Suppression of the
noninvolved pair of the myeloma isotype correlates with poor
survival in newly diagnosed and relapsed/refractory patients
with myeloma. Am J Hematol. 2016;91(3):295-301.

5. Boyle EM, Fouquet G, Guidez S, et al. IgA kappa/IgA lambda
heavy/light chain assessment in the management of patients
with IgA myeloma [published correction appears in Cancer. 2015
Mar 1;121(5):800]. Cancer. 2014;120(24):3952-3957.

6. Geng C, Yang G, Wang H, et al. Deep and partial immunoparesis
is a poor prognostic factor for newly diagnosed multiple
myeloma patients. Leuk Lymphoma. 2021;62(4):883-890.

7. Koulieris E, Panayiotidis P, Harding SJ, et al. Ratio of involved/
uninvolved immunoglobulin quantification by Hevylite™ assay:

clinical and prognostic impact in multiple myeloma. Exp
Hematol Oncol. 2012;1(1):9.

8. Diaz-Rodriguez R, Férnandez-Gonzalez M, Martin-Martin A, et
al. Resolucién de la inmunoparesia como parametro de la
remision completa real en el mieloma multiple. LV National
Congress of SEHH and XXIX National Congress of SETH, Sevilla.
2013:C0O-021. https:/www.sehh.es/comunicaciones-cientificas-
de-los-congresos-sehh-seth-2000-2017/lv-congreso-nacional-
sehh-xxix-congreso-seth. Accesed November 7th, 2023.

9. Gonzalez-Calle V, Cerda S, Labrador J, et al. Recovery of
polyclonal immunoglobulins one year after autologous stem cell
transplantation as a long-term predictor marker of progression
and survival in multiple myeloma. Haematologica.
2017;102(5):922-931.

10. Jimenez-Zepeda VH, Duggan P, Neri P, Chaudhry A, Tay J, Bahlis
N. Immunoparesis and polyclonal immunoglobulin recovery
after auto-SCT for patients with multiple myeloma treated at a
single institution. Leuk Lymphoma. 2018;59(8):1920-1926.

11. Davila J, Gonzalez-Calle V, Escalante F, et al. Recovery of
polyclonal immunoglobulins during treatment in patients
ineligible for autologous stem-cell transplantation is a
prognostic marker of longer progression-free survival and
overall survival. Br J Haematol. 2022;198(2):278-287.

12. Ozaki S, Harada T, Yagi H, et al. Polyclonal immunoglobulin
recovery after autologous stem cell transplantation is an

Haematologica | 109 June 2024
1916



ARTICLE - Immunoparesis recovery complements minimal residual disease

13.

14.

15.

16.

17.

18.

19.

20.

21.

independent prognostic factor for survival outcome in patients
with multiple myeloma. Cancers (Basel). 2019;12(1):12.

Eisfeld C, EBeling E, Wullenkord R, et al. Long-term survival and
polyclonal immunoglobulin reconstitution after allogeneic stem
cell transplantation in multiple myeloma. Ann Hematol.
2020;99(8):1907-1915.

Harutyunyan NM, Vardanyan S, Ghermezi M, et al. Levels of
uninvolved immunoglobulins predict clinical status and
progression-free survival for multiple myeloma patients. Br J
Haematol. 2016;174(1):81-87.

Suehara Y, Takamatsu H, Fukumoto K, et al. Abnormal heavy/
light chain ratio after treatment is associated with shorter
survival in patients with IgA myeloma. Cancer Sci.
2017;108(2):187-192.

Rios-Tamayo R, Puig N, Algarin M, et al. The current role of the
heavy/light chain assay in the diagnosis, prognosis and
monitoring of multiple myeloma: an evidence-based approach.
Diagnostics (Basel). 2021;11(11):2020.

Paiva B, Puig N, Cedena MT, et al. Measurable residual disease
by next-generation flow cytometry in multiple myeloma. J Clin
Oncol. 2020;38(8):784-792.

Avet-Loiseau H, Ludwig H, Landgren O, et al. Minimal residual
disease status as a surrogate endpoint for progression-free
survival in newly diagnosed multiple myeloma studies: a meta-
analysis. Clin Lymphoma Myeloma Leuk. 2020;20(1):e30-e37.
Mohan M, Kendrick S, Szabo A, et al. Clinical implications of
loss of bone marrow minimal residual disease negativity in
multiple myeloma. Blood Adv. 2022;6(3):808-817.

Kumar S, Paiva B, Anderson KC, et al. International Myeloma
Working Group consensus criteria for response and minimal
residual disease assessment in multiple myeloma. Lancet
Oncol. 2016;17(8):e328-e346.

Rosinol L, Oriol A, Rios-Tamayo R, et al. Ixazomib plus lenalidomide/
dexamethasone (IRd) versus lenalidomide/dexamethasone (Rd)
maintenance after autologous stem cell transplant in patients with
newly diagnosed multiple myeloma: results of the Spanish

22.

23.

24.

25.

26.

27.

28.

29.

30.

S. Lakhwani et al.

GEM2014MAIN Trial. Blood 2021;138(Suppl 1):466.

Nakamura K, Smyth MJ, Martinet L. Cancer immunoediting and
immune dysregulation in multiple myeloma. Blood.
2020;136(24):2731-2740.

Tovar N, de Larrea CF, Arostegui JI, et al. Natural history and
prognostic impact of oligoclonal humoral response in patients
with multiple myeloma after autologous stem cell
transplantation: long-term results from a single institution.
Haematologica. 2013;98(7):1142-1146.

Paiva B, Cedena MT, Puig N, et al. Minimal residual disease
monitoring and immune profiling in multiple myeloma in elderly
patients. Blood. 2016;127(25):3165-3174.

Mazahreh F, Mazahreh L, Schinke C, et al. Risk of infections
associated with the use of bispecific antibodies in multiple
myeloma: a pooled analysis. Blood Adv. 2023;7(13):30629-3074.
Wang Y, Li C, Xia J, et al. Humoral immune reconstitution after
anti-BCMA CAR T-cell therapy in relapsed/refractory multiple
myeloma. Blood Adv. 2021;5(23):5290-5299.

San-Miguel J, Avet-Loiseau H, Paiva B, et al. Sustained minimal
residual disease negativity in newly diagnosed multiple
myeloma and the impact of daratumumab in MAIA and
ALCYONE. Blood. 2022;139(4):492-501.

Bertuglia G, Cani L, Larocca A, Gay F, D’Agostino M.
Normalization of the immunological microenvironment and
sustained minimal residual disease negativity: do we need both
for long-term control of multiple myeloma?. Int J Mol Sci.
2022;23(24):15879.

Costa LJ, Chhabra S, Medvedova E, et al. Daratumumab,
carfilzomib, lenalidomide, and dexamethasone with minimal
residual disease response-adapted therapy in newly diagnosed
multiple myeloma. J Clin Oncol. 2022;40(25):2901-2912.
D’Agostino M, Oliva S, Rota-Scalabrini D, et al. Predictors of
unsustained negativity in minimal residual disease (MRD)-
negative transplant-eligible newly diagnosed multiple myeloma
(MM) patients enrolled in the FORTE trial. Clin Lymphoma
Myeloma Leuk. 2022;22(Suppl):S6-7.

Haematologica | 109 June 2024

1917



