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TO THE EDITOR:
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Induction and consolidation based on proteasome inhibitors,
immunomodulatory drugs, and corticoids integrated with high-
dose therapy (HDT) and autologous stem cell transplantation
(ASCT), are showing complete response (CR) rates .50% in mul-
tiple myeloma (MM).1-3 The addition of anti-CD38 monoclonal
antibodies may increase these unprecedented CR rates.4-6

When more than half of transplant-eligible patients with MM
achieve CR with frontline therapy, it is reasonable to ask, what
other tests are clinically relevant after negative immunofixation.

The achievement of deep responses with modern therapy led the
International Myeloma Working Group (IMWG) to propose new
guidelines that included definitions of negative minimal residual
disease (MRD) for standard response criteria.7 Indeed, recent
studies have reported nearly 50% MRD2 rates,5,8,9 and, more
importantly, the prognostic value of MRD criteria was validated
in clinical trials8,10-12 and routine practice.13,14 However, the clinical
significance of standard response criteria in patients who are MRD
positive has not been investigated in current treatment scenarios.

Four hundred forty-nine newly diagnosed, transplant-eligible
patients enrolled in the phase 3 PETHEMA/GEM2012MENOS65
trial (registered on clinicaltrials.gov, as NCT01916252) and with
available response assessment, were included in this study.1 After-
ward, patients were enrolled in the PETHEMA/GEM2014MAIN trial
(NCT02406144).8 Patients’demographics and clinical features have
been described elsewhere.1 Minimal Residual Disease (MRD) was
assessed using next-generation flow (NGF) cytometry, as reported
recently.8 An independent ethics committee approved the

protocol, and informed consent forms were required before
patients were enrolled. Studies were conducted per the ethical
principles of the Declaration of Helsinki.

Response was assessed after the last induction cycle, at day 100
after HDT/ASCT, and after the second consolidation course.
Seventy-four patients were not evaluated after consolidation.
Responsewas definedper the 2016 guidelines7 with 2 exceptions:
(1) patients with #5% bone marrow plasma cells (BMPCs) and
negative serum immunofixation, but unavailable urine immunofix-
ation data, were reclassified as attaining CR according to our
recent findings indicating identical outcomes15; (2) patients show-
ing ,2 3 1026 tumor cells were defined as having undetectable
MRD, regardless of the depth of serological response, because
the outcomes were identical between those with persistent and
absent M-component.8 Differences were tested for statistical sig-
nificance with the (2-sided) log-rank test, and hazards ratios (with
its 2-sided 95% confidence interval) were estimated with a Cox
regression model.

We started by analyzing the prognostic value of standard
response criteria after 6 induction cycles with bortezomib, lena-
lidomide, and dexamethasone (VRD); HDT/ASCT; and consoli-
dation with 2 VRD courses. With a median follow-up of 5
years, achieving CR or stringent CR (sCR) after induction
resulted in significantly superior progression-free survival (PFS)
when compared with very good partial response (VGPR) or PR
(Figure 1A). After HDT/ASCT, patients in CR or sCR continued
showing more prolonged PFS compared with those in VGPR,
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though not those in PR (Figure 1B). Surprisingly, the differences
disappeared after consolidation (Figure 1C). Less than half of
the patients in VGPR (39 of 86; 45%) and in PR (6 of 19; 32%)
after consolidation have respectively achieved CR/sCR during
the first year of maintenance, excluding deepening of response
at later stages as a unifying reason to explain similar PFS
between these patients and those in CR or sCR after

consolidation. These data urge further investigations to under-
stand the limitations of standard response criteria.

In 1998, a cutoff of ,5% BMPCs by conventional cytology was
added into the CR criteria.16 Thus, we investigated whether it
remains informative .20 years later. The median percentage of
PCs by morphology was 1.7% (range, 0-5) in the 266 patients in
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Figure 1. Depth of response based on standard response criteria. PFS of patients achieving sCR, CR, VGPR, and PR after 6 induction cycles of VRD (A); ASCT conditioned with
Bu-Mel or Mel-200 HDT (B); or 2 consolidation cycles of VRD (C). PFS was defined as time from response assessment until disease progression or death from any cause and was
estimated by the Kaplan-Meier method. OS was defined as time from response assessment until death from any cause. *P , .05; **P , .01; ***P , .001.
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CR or sCR after consolidation, and PC enumeration by morphol-
ogy had no prognostic value (data not shown). Of note, only 4
of 270 (1.5%) patients with a negative immunofixation had .5%
BMPCs and therefore, were not classified as being in CR at that
time point (all 4 cases achieved CR later on; 1 had progressive dis-
ease and died, whereas the others remained progression free).
This percentage is almost 10-fold inferior to that reported .10
years ago byChee et al17 and stresses the limited value of cytolog-
ical response assessment in transplant-eligible patients, with
patients with MM reaching high-quality remission with novel
drug combinations.

BM biopsies were first introduced in the 2006 response criteria18

to evaluate PC clonality using immunohistochemistry or immuno-
fluorescence. Namely, it required the analysis of aminimumof 100
PCs and a k/l ratio of.4:1 or,1:2 in patients withMMwith the k
or l isotype. Accordingly, clonality was respectively definedwhen-
ever.80% total PCs stained for k or.50% total PCs stained for l.
We found that the median percentage of clonal and normal PCs
among total PCs identified by NGF in patients achieving CR or

sCR after consolidation was 3% and 97%, respectively (supple-
mental Figure 1A). These findings uncover that the median per-
centage of normal PCs is 32-fold greater than that of clonal PCs
within the PC compartment and expose that simple k/l ratios
measured in 100 PCs7 do not detect such low levels of residual
disease. Indeed, the median level of MRD was 0.03% (range,
0.0002% to 0.59%; supplemental Figure 1B) and only 1% of
patients with k and 3% of patients with l MM, respectively, had
.80% and .50% clonal PCs of the total PCs.

The serum free light-chain (sFLC) ratio was introduced alongside
BM clonality, as previously defined, to create the sCR criteria.18

We found that almost one-fourth of patients in CR after consolida-
tion display an abnormal sFLC ratio (72 of 266; 27%), but their PFS
was identical with that of cases with a normal sFLC ratio (Figure
1C). Similar results were observed after induction and HDT/
ASCT (Figure 1A-B). Altogether, these data raise questions about
the sensitivity and clinical utility of immunohistochemistry and
immunofluorescence and the sFLC assays in patients in CR treated
with optimal intensive treatment. As a result, the superiority of sCR
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Figure 2. Depth of response based on standard and MRD response criteria. PFS (A) and OS (B) of patients stratified according to best response achieved during treat-
ment: MRD2, sCR, CR, VGPR, and PR. There were no significant differences in PFS and OS in the comparison of patients achieving sCR, CR, VGPR or PR. PFS was defined as
time from best response achieved until disease progression or death from any cause and was estimated by the Kaplan-Meier method. OS was defined as time from best
response achieved until death from any cause.

LETTER TO BLOOD blood® 11 NOVEMBER 2021 | VOLUME 138, NUMBER 19 1903

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/138/19/1901/1834685/bloodbld2021012319.pdf by guest on 18 M

ay 2024



criteria over standard CR criteria could not be confirmed in this
study or elsewhere.19

We had shown with low-sensitivity flow cytometry that MRD was
detected in approximately one-third of patients in CR who had
been treated with older regimens.20-22 In this study, NGF enabled
the detection ofMRD in 73 of 252 (29%) patients in CR or sCR after
consolidation and, in most cases, MRD levels ranged between
1026 and 1025 (58 of 73; 79%). These results endorse the
IMWG 2016 response assessment guidelines that indicate a min-
imum sensitivity of 1025,7 given that MRD criteria based on a
threshold of 1024 would have limited value in patients achieving
high-quality remission induced by newer, more effective regi-
mens. Accordingly, there were significant differences in PFS and
OS (supplemental Figure 2) among patients in CR or sCR who
had positive vs negativeMRD, which further validates the inclusion
of the former in the 2016 response criteria. Of note, transplant-
eligible patients in CR or sCR with positive MRD after induction
and consolidation with VRD showed a median PFS of 3 years.
These findings further support that MRD negativity and not CR
should be the new end point in transplant-eligible MM, although
questions about the timing, periodicity, and sensitivity of MRD
assessment remain unresolved.

Although the prognostic value of CR and sCR is limitedwhen com-
pared with that of MRD, it could be that standard response criteria
are of prognostic value in patients who remainMRD1. However, we
found no significant differences in PFS (P$ .089; Figure 2A) andOS
(P $ .496; Figure 2B) across patients with persistent MRD, regard-
less of the achievement of sCR, CR, VGPR, or even PR. PFS rates at
5 years were 43%, 35%, 51%, and 40%, respectively; similar results
were observed for OS (75%, 73.5%, 68%, and 66% at 5 years).
These numbers were significantly inferior to those of patients
achieving undetectable MRD (5-year PFS and OS of 79% and
93%, respectively). Thus, our results reproduce and expand pre-
vious observations of modern therapies, wherein attaining CR
or sCR without MRD clearance is no better than a VGPR or PR
in terms of PFS and OS.20 Of further note, patients in sCR, CR,
or VGPR showed similar survival upon achieving undetectable
MRD (supplemental Figure 3). Thus, and with the possible excep-
tion of patients with extramedullary disease and elevated LDH
levels,8 undetectable MRD in cases of persistent M-component
should not be generalized as a false-negative result.

The clinical value of serial measurements of the M-protein and
sFLC during patient treatment and follow-up is undeniable.
Our findings merely exposed the limited utility of standard
response criteria to predict different PFS in transplant-eligible
MM treated with VRD induction and consolidation. In nontrans-
plant candidates treated with less intensive regimens, such as
that of the PETHEMA/GEM CLARIDEX trial, we observed that
patients achieving sCR or CR and VGPR had similar outcomes,
whereas those in PR displayed inferior PFS (supplemental Figure
4). Consequently, our results urge other groups to investigate
these findings in this and other treatment scenarios. If reproduc-
ible, such data could support a new iteration of the IMWG 2016
guidelines for response assessment, which may reflect the
direct usage of BM aspirates for MRD testing, the standardiza-
tion of positron emission tomography/computed tomogra-
phy,23 and the incorporation of novel methods such as mass
spectrometry to measure serological response in MM.9,24,25
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