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ORIGINAL ARTICLE
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Eric Ammannd, Annette Lamd, Sarah Coted and Ashutosh D. Wechalekare

aDepartment of Clinical Therapeutics, National and Kapodistrian University of Athens, Athens, Greece; bCytel, Rotterdam, Netherlands;
cJanssen Research & Development, LLC, Leiden, Netherlands; dJanssen Global Services, LLC, Raritan, NJ, USA; eNational Amyloidosis
Centre, University College London, London, UK

ABSTRACT
Objectives: Amyloid light-chain (AL) amyloidosis is a rare disease characterized by amyloid
fibril deposits made up of toxic light chains causing progressive organ dysfunction and
death. Recent studies suggest that hematologic response may be an important prognostic
indicator of overall survival (OS) in AL amyloidosis. The aim of this study was to evaluate the
trial-level association between hematologic complete response (CR) or very good partial
response or better (≥ VGPR) and OS in newly diagnosed patients.
Methods: Studies were identified via systematic literature review. Pooled effect estimates were
generated by a random-effects model.
Results: Nine observational studies reporting hematologic CR or ≥VGPR and OS hazard ratios
(HRs) were included in the meta-analysis. Achieving hematologic CR was associated with
improved OS (HR, 0.21; 95% confidence interval [CI] 0.13–0.34). Achieving≥ VGPR was also
associated with improved OS (HR 0.21; 95% CI 0.17–0.26). Results of a sensitivity analysis
excluding one outlier study revealed no heterogeneity and a better overall HR estimate.
Potential limitations of this meta-analysis include the small number of eligible studies
(consistent with the rarity of the disease) and inconsistencies in reporting of results.
Conclusions: Overall, our findings support the use of deep hematologic response (CR or
≥VGPR) as a clinical trial endpoint in newly diagnosed AL amyloidosis. This study provides
evidence that early hematologic response is a strong patient-level surrogate for long-term
OS in patients with AL amyloidosis receiving frontline therapy. Structured data collection of
depth of response in future trials will further strengthen these observations.
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Introduction

Systemic amyloid light-chain (AL) amyloidosis is a rare,
life-threatening disease with reported incidence rates
ranging from 3 to 12 cases per million person-years
[1–3], although under-reporting is likely. In patients
with AL amyloidosis, plasma cell clones produce toxic
light chains that misfold and accumulate as amyloid
deposits throughout the body, causing progressive
organ dysfunction [1,4,5]. The heart and kidneys are
the most commonly affected organs, impacting 70–
80% and 50–60% of patients, respectively [1]. Without
prompt treatment to minimize exposure to toxic light
chains, damage to these organs can become irreversible
[3]. The prognosis for patients with AL amyloidosis is
typically poor, likely due in part to the lengthy period
between symptom onset and diagnosis. According to
one patient survey, about one-third of patients waited
≥12 months and about two-thirds were evaluated by
≥3 physicians before receiving a correct diagnosis [6].
Real-world studies also have shown that over one-
third of patients die within the first year following

diagnosis [7], and survival outcomes are especially
poor among patients with advanced cardiac involve-
ment at the time of diagnosis [8–12].

Autologous stem cell transplant (ASCT) is effective
in patients with AL amyloidosis; however, only about
20% of patients are eligible for this therapy [13], and
<50% who undergo ASCT achieve hematologic com-
plete response (CR) [14–18]. Historically, anti-plasma
cell therapies approved for the treatment of multiple
myeloma were used off-label for AL amyloidosis, with
bortezomib, cyclophosphamide, and dexamethasone
(VCd) used as the standard of care in many countries.
Based on the results of the phase 3 ANDROMEDA
trial [19], the combination of the anti-CD38 mono-
clonal antibody daratumumab plus VCd (D-VCd)
recently became the first approved treatment for
patients with AL amyloidosis.

In light of the evolving treatment landscape, as well
as the substantial proportion of patients who die from
their disease within a year of diagnosis, there is a need
to identify predictors of improved survival that can be
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assessed without the long-term follow-up required to
reach median overall survival (OS) in a clinical trial
setting. There is a large body of evidence showing
improved survival outcomes with increasing depth of
hematologic response to treatment [9,20,16,21–25],
suggesting that hematologic response may be an
important prognostic indicator of OS in AL amyloido-
sis. We conducted a meta-analysis to evaluate the
trial-level association between deep hematologic
response (either hematologic CR or very good partial
response or better [≥VGPR]) and OS in patients with
newly diagnosed AL amyloidosis who received
pharmacologic treatment for their disease.

Material and methods

Literature search

The studies included in the current meta-analysis were
identified via one of the 4 literature searches con-
ducted as part of a systematic literature review (SLR)
in February 2021, with an update in November 2021.
The full details of the SLR have been published else-
where [26]. In brief, we searched the databases of
MEDLINE, EMBASE, and the Cochrane Controlled Regis-
ter of Trials to identify all randomized controlled trials
(RCTs) and observational studies in patients with newly
diagnosed AL amyloidosis. This search was sup-
plemented by a gray literature search of ClinicalTrials.-
gov, hand-searching of abstracts from the European
Hematology Association and American Society of
Hematology, and a manual review of the reference
lists of the SLRs identified by the initial search. Eligible
publications were English-language articles from
August 2005 onwards or conference abstracts from
2019 or later reporting RCTs or observational studies
of newly diagnosed patients with AL amyloidosis
who initiated first-line treatment. Studies that included
only patients who received ASCT were excluded.

Two reviewers independently reviewed all full-text
articles. Information from full-text articles was extracted
by one reviewer and validated by a second reviewer.
Extracted data were: first author, publication year,
study design, number of treatment arms, and regimens
used in each treatment arm, as well as study and popu-
lation characteristics, treatment characteristics, baseline
characteristics, efficacy outcomes, and safety outcomes.

A risk of bias assessment was performed using the
National Institute for Health and Care Excellence clini-
cal effectiveness quality assessment checklist [27] or
Newcastle-Ottawa Quality Assessment Scale [28] as
appropriate.

Feasibility assessment

A feasibility assessment of the results of the literature
search was conducted to identify studies for inclusion

in the final meta-analysis. Reporting of OS hazard ratios
(HRs) stratified by hematologic response (either CR vs
< CR or≥ VGPR vs < VGPR) was required for inclusion
in the meta-analysis. If HRs were not reported, survival
curves were digitized, and individual survival and cen-
soring times were reconstructed using an algorithm by
Guyot [29]. For studies that included Kaplan-Meier esti-
mates of OS without the number of patients at risk at
each time point, a similar methodology was used.
Here, the Kaplan-Meier was reconstructed manually
by approximating the censoring and event per drop
in the Kaplan-Meier curve, resulting in an approxi-
mated number at risk. After that, the algorithm by
Guyot [29] was applied to reconstruct pseudo-individ-
ual patient-level data.

Studies that included outcomes after initial pharma-
cological treatment plus ASCT were excluded from the
analysis (unless the proportion of patients receiving
ASCT was <10%), because such patients have better
outcomes that could bias the results of our analysis.

Meta-analysis

To combine the results from multiple studies and to
obtain a pooled effect estimate, a meta-analysis was
performed by fitting random-effects (RE) and fixed-
effects models. Given the heterogeneity between the
included studies in patient populations, duration of
follow-up for OS, timing of assessment for response,
and the first-line treatment regimens that patients
were on, the RE model was fitted for the base-case
analysis. For each comparison, the proportion of vari-
ation in estimates of treatment effect due to hetero-
geneity between studies (I2 statistic [30]) was
calculated.

In the case of outlying studies, a sensitivity analysis
was performed. If the sensitivity analysis was not
sufficient to explain the heterogeneity level, and the
included studies could be divided into subgroups
based on potential factors (e.g. age, gender, definition
of response, disease severity) associated with the prog-
nostic utility of surrogate endpoint status for OS, a
meta-regression was warranted.

Forest plots were used to graphically illustrate the
estimates from each study and the overall estimate
from the meta-analysis. A P-value < 0.05 was con-
sidered statistically significant. The weight presented
in the forest plots was based on the number of patients
included in each study.

Funnel plots were used to spot outlier studies and
to assess bias in the outcomes of the meta-analyses.
The y-axis corresponds to the standard error of the
included studies. Studies with a larger number of
patients have lower standard error and tend to lay
on the top of the plot. The x-axis corresponds to the
effect estimate from each study or to the compari-
son-specific effect. In the case that the number of the

2 E. KASTRITIS ET AL.



included studies in the meta-analysis was≥10, a funnel
plot asymmetry test as proposed by Egger et al. [31]
was performed. A significant test result (P < 0.05)
would imply that there is a sign of asymmetry in the
included studies, which could be a result of true het-
erogeneity, reporting bias, or due to chance [32].

The meta-analysis and sensitivity analysis were run
with the use of R studio packages ‘meta’ and ‘netmeta.’

Results

The SLR identified 66 full-text publications (11 RCTs
and 55 observational studies, Online Resource 1) that
were screened for outcomes (OS stratified by hemato-
logic response with Kaplan-Meier estimates and/or
HRs) and intervention (pharmacologic treatment) of
interest. Nine publications, all of which reported
results of observational studies, were included in the
meta-analysis [9,12,20,22,33–37]. A flow diagram illus-
trating study selection for the meta-analysis is shown
in Figure 1. The characteristics of the 9 included
studies are summarized in Table 1. Two of the
studies reported OS stratified by hematologic CR vs
< CR, 3 reported OS stratified by ≥VGPR vs <VGPR,
and 4 reported OS stratified by both levels of response.
Details regarding the response assessments in the
included studies are reported in Table 2.

Analysis using an RE model showed that achieving
hematologic CR was associated with significantly
improved OS (HR 0.21; 95% CI 0.13–0.34; P < 0.0001).
These results are illustrated in Figure 2a. The I2 statistic
for this comparison was 75.4%, indicating moderate to
substantial heterogeneity between the 6 included
studies. One study (ALchemy, by Ravichandran et al
[37]) exceeded the boundaries of the funnel plot
(Figure 3a). An asymmetry test was not performed
because the number of included studies was <10,
meaning that the power of the test would be low.

Achieving≥ VGPR was also associated with signifi-
cantly improved OS (HR 0.21; 95% CI 0.17–0.26; P <
0.0001). These results are shown in Figure 2b. The I2

statistic was 34.6%, reflecting a not important to mod-
erate heterogeneity between the studies included in
the analysis. No study exceeded the boundaries of
the funnel plot (Figure 3b).

A sensitivity analysis was performed to evaluate
whether achieving CR vs VGPR would have a
different impact on survival. Four studies were ident-
ified that reported data in which it was possible to
make this comparison. The HR estimates for CR vs
VGPR in these studies were 0.24 (95%CI: 0.10–0.59)
[35], 0.32 (95%CI: 0.16–0.67) [33], 0.34 (95%CI: 0.18–
0.62) [22] and 0.72 (95%CI: 0.53–0.98) [37], suggesting
that patients achieving CR have better OS compared to
those achieving VGPR.

To assess the impact of the ALchemy study [37] on
the pooled HR estimate, a sensitivity analysis was

conducted in which that study was excluded. When
the 5 remaining studies were analyzed, the pooled
HR estimate for CR vs < CR was 0.18 (95% CI 0.13–
0.24; P < 0.0001), there was no heterogeneity
between the included studies (I2: 0%), and no study
exceeded the boundaries of the funnel plot. These
results are shown in Figure 4a and Online Resource
3a. The HR estimate for ≥VGPR vs <VGPR when the
ALchemy study was excluded was 0.19 (95% CI 0.16–
0.23; p < 0.0001), there was no heterogeneity (I2: 0%)
between studies, and no study exceeded the
boundaries of the funnel plot (Figure 4b and Online
Resource 3b).

Discussion

We conducted a meta-analysis to evaluate the associ-
ation between hematologic response (either CR or
≥VGPR) and OS in patients with newly diagnosed AL
amyloidosis with the aim of determining the prognos-
tic value of hematologic response. A total of 9 pub-
lished observational studies reporting OS stratified by
hematologic response were included. The results of
the meta-analysis showed that achieving hematologic
CR and ≥VGPR were both associated with a signifi-
cantly reduced risk of death, meaning that deep hema-
tologic responses were associated with improved OS in
patients with AL amyloidosis. In particular, patients
achieving CR showed better OS than those who
achieved VGPR, suggesting that achieving CR has
prognostic value.

In ALchemy, the HR for the comparison of CR vs <CR
was 0.43 [37], which is higher than that reported in the
other studies included in the meta-analysis (range,
0.13–0.23). This difference is likely due to the definition
of hematologic CR used in the study. Patients with a
normal free light chain (FLC) ratio were classified as
CR, regardless of their FLC levels; as a result, the differ-
ence between CR and VGPR was less than expected.
When patients were further classified based on their
FLC levels, separation between the cohorts increased.
We performed a sensitivity analysis in which
ALchemy was excluded. This resulted in no heterogen-
eity and a pooled HR estimate of 0.18, reflecting a
stronger association than the HR for the base-case
analysis (0.21).

In many patients with AL amyloidosis, rapid and
deep hematologic response can lead to at least
partial reversal of organ damage, resulting in improve-
ments in patients’ quality of life and prolonged survival
[3,5,22,38]. It has been shown that the deeper the
hematologic response, the better the survival out-
comes; however, timing of response is important and
even a brief delay in achieving a deep response (eg,
at 3 months instead of at 1 month) can have negative
clinical consequences [22]. Without prompt reduction
of the toxic light chains that are the precursor to

HEMATOLOGY 3



Figure 1. Flow diagram of study selection. ASH, American Society of Hematology; EHA, European Hematology Association; MA,
meta-analysis; NMA, network meta-analysis; OS, overall survival; SLR, systematic literature review.
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amyloid deposits, organ damage may progress to the
point where it is no longer reversible [39,40]. Therefore,
the goal of treatment is generally understood to be the
most rapid achievement possible of a deep hematolo-
gic response [3,5,22,38]; whether a response of ≥VGPR
is adequate remains to be fully elucidated [22]. Only
two papers identified in this meta-analysis contained
information on the impact of time to response on OS
or improved organ function, prohibiting detailed
analysis in this report. Both of these studies reported
that achieving an early deep response was associated
with better organ response and survival outcomes
than achieving deep responses later [22,37]. The
results of the current meta-analysis, which demon-
strate a significant association between deep hemato-
logic response and reduced risk of death, are
supportive of this treatment paradigm.

This meta-analysis also makes a strong case for the
use of deep hematologic response as a patient-level
surrogate for OS in studies exploring the effectiveness
of anti-clonal therapies. The use of OS as a clinical trial
endpoint in patients with Mayo stage I and II requires
long-term follow-up, which poses a unique set of chal-
lenges for AL amyloidosis. There has been a trend
toward improved survival outcomes among patients
with AL amyloidosis in recent years. For example,

among patients diagnosed at the Mayo Clinic
between 1977–1986 and 1987–1996, median OS was
1.2 years, compared with 1.5 years among those diag-
nosed between 1997 and 2006 [41]. More recently, the
EMN23 study group reported increases in median OS
from 3.6 years for patients who initiated treatment
between 2004–2010 to 4.2 years for those who
started treatment between 2011–2018 [42]. This
latter, larger improvement is likely due in part to
more widespread use of bortezomib-based treatment
regimens in the management of patients with AL amy-
loidosis. On the other hand, the subset of patients with
the most severe cardiac involvement (Mayo stage IIIB)
at the time of diagnosis continue to have an extremely
poor prognosis (median OS of just 3.5 months in those
who initiated treatment post 2010), although even
these patients can benefit from a deep hematologic
response [42]. Taken together with the small AL amy-
loidosis patient population, these factors suggest
that a trial in stage I and II patients with the primary
endpoint of OS would take many years to complete,
resulting in delays in the availability of potentially
active therapies in a rare and devastating disease.
Prompt treatment initiation is critical in AL amyloido-
sis, and prolonged waiting for OS data from clinical
trials to inform treatment decision-making is not

Table 1. Study and population characteristics of the studies included in the meta-analysis.

Publication Setting Treatment(s)
Sample
sizec, N

Median
follow-up,
months

Patients with
cardiac

involvement, %

Mayo 2004
cardiac
staging

OS
stratified

by

Palladini et al,
2012 [33]

Single center (Italy); patients
diagnosed between 2004 and
2010

Variousa 374 36c 76 NA CR, ≥VGPR

Wechalekar et al,
2013 [12]

4 centers in the UK and Europe;
patients assessed between Jan
2001 and Dec 2010

Variousb 346 6.5 97 III CR

Jaccard et al, 2014
[34]

4 centers in the US, UK, and
Europe; patient data collected
between Nov 2008 and Apr
2012

VCd 60 11.8 100 III ≥VGPR

Palladini et al,
2014 [35]

Single center (Italy); patients
treated between 2004 and
2009

Full-dose Md 119 70 56 NA CR, ≥VGPR
Attenuated-
dose Md

140 87 NA

Kastritis et al,
2015 [20]

Single center (Greece); patients
started treatment between
2007 and 2014

Full-dose Vd 26 57 84 I, II, III CR
Risk-adapted
Vd

23 72 I, II, III

RCd 36 58 I, II, III
Palladini et al,
2015 [9]

2 centers in the UK and Italy;
patients treated between Aug
2006 and Mar 2013

VCd 230 25d 73 I, II, IIIa, IIIb ≥ VGPR

Gatt et al, 2016
[36]

13 centers in Israel; patients
treated between Jan 2009 and
Jan 2013

Vd 23 17 78 NA ≥ VGPR
Vd + AA 50 60 NA

Kastritis et al,
2021 [22]

Single center (Greece); treatment
dates unknown

V-based 227 48 69 I, II, IIIa, IIIb CR, ≥VGPR

Ravichandran
et al, 2021 [37]

Single center (UK); patients
treated between Feb 2010 and
Aug 2019

V-based 1194 NR 66 I, II, IIIa, IIIb CR, ≥VGPR

AA, alkylating agents; ASCT, autologous stem cell transplant; CR, complete response; Md, melphalan and dexamethasone; Mp, melphalan and prednisone;
NR, not reported; OS, overall survival; RCd, lenalidomide, cyclophosphamide, and dexamethasone; V, bortezomib; VCd, bortezomib, cyclophosphamide,
and dexamethasone; Vd, bortezomib and dexamethasone; ≥VGPR, very good partial response or better.

aMd, ASCT, thalidomide-based, lenalidomide-based, bortezomib-based, dexamethasone, Mp, different combinations of alkylating agents, nucleoside
analogs, or anthracyclines.

bBortezomib combinations, Md, thalidomide combinations, lenalidomide combinations, other regimens (including Mp, dexamethasone alone, and cyclo-
phosphamide and dexamethasone/prednisone), no treatment.

cTotal study population.
dAmong living patients.
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ideal. In the clinical trial setting, there is a need for
reliable surrogate endpoints for OS that can be evalu-
ated without long-term follow-up. The present meta-
analysis demonstrates that hematologic response is a
strong patient-level surrogate for OS. Additional work
and data from more RCTs are needed to evaluate
hematologic response as a trial-level surrogate for OS
in newly diagnosed patients with AL amyloidosis.

Our results in patients treated with pharmacologic
therapy supplement published data demonstrating a
relationship between hematologic response and survi-
val outcomes in patients with AL amyloidosis who
received ASCT. In a retrospective analysis of 80 patients

who underwent ASCT at Boston University Medical
Center between 1994 and 1997, the rate of hematolo-
gic CR among evaluable patients was 51% [24]. More
than 10 years following ASCT, median OS was still
not reached in patients with hematologic CR versus
50 months in those without hematologic CR (P <
0.001). Another retrospective study evaluated 282
patients who received ASCT at the Mayo Clinic [25].
In that study, Gertz and coauthors found that median
OS was only reached by the 81 patients (28.7%) who
failed to achieve at least partial response (≥ PR). In a
landmark analysis of 213 patients who survived 6
months after ASCT, median OS was not reached in

Table 2. Response assessments in the studies included in the meta-analysis.

Publication Setting
Treatment

(s)

Median
TTR,

months

Hematologic CR VGPR

Definition
When

assessed
Patients,

% Definition
When

assessed
Patients,

%

Palladini et al,
2012 [33]

7 centers in the US
and Europe;
patients
diagnosed
between 2004 and
2010

Variousa NR Negative serum
and urine IFE
and normal FLCr

3 months 17.4 dFLC < 40
mg/L

3 months 22.5

Wechalekar
et al, 2013
[12]

4 centers in the UK
and Europe;
patients assessed
between Jan 2001
and Dec 2010

Variousb 5.6 Negative serum
and urine IFE,
normal FLCr,
marrow < 5%
plasma cells

Best
overall

10.7 dFLC < 40
mg/L

NR NR

Jaccard et al,
2014 [34]

4 centers in the US,
UK, and Europe;
patient data
collected between
Nov 2008 and Apr
2012

VCd 2.1 Negative serum
and urine IFE,
normal FLC
levels and FLCr

Best
overall

17 dFLC < 40
mg/L

Best
overall

25

Palladini et al,
2014 [35]

Single center (Italy);
patients treated
between 2004 and
2009

Full-dose
Md

3.8 Negative serum
and urine IFE
and normal FLCr

3 months 31 dFLC < 40
mg/L

3 months 29

Attenuated-
dose Md

15 24

Kastritis et al,
2015 [20]

Single center
(Greece); patients
started treatment
between 2007 and
2014

Full-dose Vd 1.3 Negative serum
and urine IFE
and normal FLCr

3 months 38 dFLC < 40
mg/L

3 months 0
Risk-
adapted
Vd

1.1 40 27

RCd 4.5 14 3
Palladini et al,
2015 [9]

2 centers in the UK
and Italy; patients
treated between
Aug 2006 and Mar
2013

VCd NR Negative serum
and urine IFE
and normal FLCr

3 months 23 dFLC < 40
mg/L

NR NR

Gatt et al,
2016 [36]

13 centers in Israel;
patients treated
between Jan 2009
and Jan 2013

Vd NR Negative serum
and urine IFE,
normal FLC
levels and FLCr

Best
overall

4 dFLC < 40
mg/L

Best
overall

26
Vd + AA 26 36

Kastritis et al,
2021 [22]

Single center
(Greece);
treatment dates
unknown

V-based NR Negative serum
and urine IFE,
normal FLC
levels and FLCr,
marrow < 5%
plasma cells

1 and 3
months

NR, 19 dFLC < 40
mg/L

1 and 3
months

NR, 27

Ravichandran
et al, 2021
[37]

Single center (UK);
patients treated
Feb 2010 and Aug
2019

V-based NR Negative serum
and urinec IFE,
normal FLCrd

1, 3, and
6
months

12.1,
27.9, 31

dFLC < 40
mg/L

1, 3, and
6
months

23.8,
29.2, 34

AA, alkylating agents; ASCT, autologous stem cell transplant; CR, complete response; dFLC, difference between involved and uninvolved free light chain;
FLC, free light chain; FLCr, free light chain ratio; IFE, immunofixation; iFLC, involved free light chain; Md, melphalan and dexamethasone; Mp, melphalan
and prednisone; NR, not reported; RCd, lenalidomide, cyclophosphamide, and dexamethasone; TTR, time to response; V, bortezomib; VCd, bortezomib,
cyclophosphamide, and dexamethasone; Vd, bortezomib and dexamethasone; ≥VGPR, very good partial response or better.

aMd, ASCT, thalidomide-based, lenalidomide-based, bortezomib-based, dexamethasone, Mp, different combinations of alkylating agents, nucleoside
analogs, or anthracyclines.

bBortezomib combinations, Md, thalidomide combinations, lenalidomide combinations, other regimens (including Mp, dexamethasone alone, and cyclo-
phosphamide and dexamethasone/prednisone), no treatment.

cUrine immunofixation at month 6 only.
dNormalization of FLCr not required if iFLC < upper limit of normal.
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patients who achieved CR (n = 86, 40.4%) or PR (n = 91,
42.7%) but was 40.1 months in those without a
response (n = 36, 16.9%). This difference was statisti-
cally significant (P = 0.001). In a subset of 151 patients
with cardiac involvement, response rates were similar
to those in the overall study population and survival
was better in responders (≥ PR) than in non-respon-
ders. Hematologic response was a prognostic indicator
of OS in both univariate and multivariate analyses.
D’Souza et al reported on a subset of patients from
the Center for International Blood and Marrow Trans-
plant Research database who underwent ASCT
between 1995 and 2012 and had available FLC
results at baseline and day 100 post transplant [16].
Of the 104 patients included, 13 (12%) achieved CR,
65 (63%) had VGPR, 15 (14%) had PR, and 11 (11%)
had no response at day 100. The 5-year OS rate
increased with increasing depth of hematologic
response with no difference between CR and VGPR
or between PR and no response. Meanwhile, OS was
significantly better with ≥VGPR vs PR/NR (P = 0.02).
Long-term outcomes were reported for a sample of
334 patients who underwent ASCT between 1994
and 2017 at either Boston University Medical Center

or Memorial Sloan Kettering Cancer Center [21]. Of
252 assessable patients, 174 (69.0%) had ≥PR and 78
(31.0%) had no hematologic response. Median OS
increased with increasing depth of response, ranging
from 13.4 years among patients with hematologic CR
to 1.6 years for non-responders (P < 0.0001).

The EMN23 study, mentioned above, was a retro-
spective, multicenter study that enrolled 4480 patients
at 13 sites in 10 European countries. Included patients
were treated for AL amyloidosis between 2004 and
2018; therefore, the study provides data from the
period before and after the introduction of VCd in
routine clinical practice. EMN23 is also notable for its
inclusion of patients with severe cardiac involvement
(stage IIIb). Although a 2021 congress abstract report-
ing data from EMN23 [43] was identified by the clinical
evidence literature search of the SLR, it was decided to
exclude the study from the current meta-analysis due
to a potential overlap with the patient populations of
other studies included in the meta-analysis (eg,
ALchemy [37]). The results reported in the EMN23
abstract were consistent with our findings: deeper
hematologic responses at 3 months were significantly
associated with better survival, with HR (95% CI) of 0.19

Figure 2. Forest plot of the HRs for the risk of mortality between (a) hematologic CR vs <CR and (b) ≥VGPR vs <VGPR.
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(0.14–0.25) for CR vs <CR and 0.19 (0.15–0.22) for
≥VGPR vs <VGPR.

Our study does have limitations. First, there were no
RCTs that fulfilled the eligibility criteria for inclusion in
this meta-analysis. Second, the 9 observational studies
included in the meta-analysis used a number of
different treatment regimens and information on
salvage therapies offered to patients or receipt of
solid organ transplantation were sparse in the studies
analyzed. The duration of follow-up varied across
studies and was short in some studies; however, this
did not appear to be a driver of heterogeneity. There
was also variability in the time points at which hema-
tologic response was assessed and in the definitions
of hematologic CR used across the studies, although
consistent results irrespective of the definition of
hematologic CR have been reported elsewhere [44].
All included studies reported that normal FLC ratio
was part of their definition of hematologic CR;
however, it is possible that this ratio was disregarded
if the involved FLC was less than the uninvolved FLC
or reached very low values. Not all included studies
had published HR values, so some HRs were estimated

from digitized survival curves. Details on the cause of
death were not recorded consistently across the
studies and are not included in this analysis. In
addition, while the majority of newly diagnosed
patients are ineligible for an upfront transplant [13],
the exclusion of ASCT-based studies from this meta-
analysis did hinder the evaluation of the impact of
ASCT on survival. Future research might shed light
on the prognostic value of hematologic response in
this patient population. Finally, it is possible that the
patient populations of some of these observational
studies may have overlapped, although we believe
we have mitigated the greatest potential overlap by
excluding the EMN23 study.

Despite the differences across the studies included
in the meta-analysis, the association between improv-
ing depth of hematologic response and OS was largely
consistent across studies. This association supports the
use of treatments that confer a rapid and deep hema-
tologic response in patients with AL amyloidosis. Fur-
thermore, the patient-level association between deep
hematologic response (CR or ≥VGPR) and OS in this
meta-analysis suggests there is value in further

Figure 3. Funnel plot for the analysis comparing (a) hematologic CR vs <CR and (b) ≥VGPR vs <VGPR.
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exploring trial-level surrogacy of this endpoint. A trial-
level association would support the use of deep hema-
tologic response as an endpoint in studies of patients
with AL amyloidosis, potentially accelerating the time-
frame for novel agents and regimens to become avail-
able to these patients for whom prompt treatment
initiation is critical.
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