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TO THE EDITOR:

Systemic Immunoglobulin light chain amyloidosis (AL) is a protein-
misfolding disorder associated with an underlying monoclonal
B-cell or plasma cell dyscrasia. Whilst the prognosis of AL has
markedly improved with novel agents [1], it remains incurable
with a relapsing-remitting course, necessitating multiple treat-
ment lines. Baseline cardiac bio-markers [2] and the depth of
response to initial therapy [2-4] are critical prognostic variables.
Early relapse confers a poor prognosis in Myeloma [5-7]. There is
little information on the impact of response durability on
outcomes in AL. The dual pathology in AL (the clonal biology
and the organ dysfunction due to amyloid deposition) lead to a
complex interplay of factors. We have recently demonstrated that
outcomes after each relapse episode are similar, i.e., deaths occur
at each relapse [8]. Here, we assess the impact of timing of relapse
on outcomes in a cohort of AL patients treated with upfront
Bortezomib.

PATIENTS & METHODS

All patients treated with frontline Bortezomib in 2010-2019 at the
National Amyloidosis Centre, UK, are included in the analysis.
Patients with primary refractory disease, those with <24 months
follow up and continuing response and those who received 2nd
line therapy for reasons other than progression are excluded from
the analysis. We report response (complete response- CR; very
good partial response- VGPR; partial response-PR) based on the
validated ISA criteria. [2] We report haematologic progression
based on the consensus criteria published by the ISA (ISA Criteria,
Table SAT) [9]. We also report progression based on the recently
published “high-risk” dFLC (difference between involved and
uninvolved light chains) criteria (Pavia Criteria, Table SA1) [10]. We
define progression as earlier of the two criteria (conventional or
high-risk dFLC). We analysed the survival of patients based on the
cut-offs reported in Myeloma (<12 months & <24 months). Due to
the high and ongoing early mortality from end-organ damage in
cardiac AL (even in patients in a deep response as we and other
authors have previously reported), which persists at 12 months
from diagnosis [8, 11], to keep the focus on the impact of clonal
progression in this manuscript and to avoid introducing a bias due

to the organ related mortality independent of progression, we
chose 24 months (Early relapse, ER) as the optimal cut-off for this
analysis. Late relapse (LR) was defined as patients who either had
haematologic progression after 24 months or had not relapsed
beyond 24 months to the last follow up. A detailed description of
the patients and methods is available in the Supplementary
Appendix.

RESULTS & DISCUSSION

In total, 560 patients are analysed here (Fig. SA1). In total, 513/560
(91.6%) patients were treated with CyBorD. The other regimens
were—Bortezomib-Dexamethasone (4.5%), Bortezomib-Thalidomide-
Dexamethasone (2.1%), Bortezomib-Melphalan-Prednisolone (0.7%),
Bortezomib-Adriamycin-Dexamethasone (0.5%), Bortezomib-
Rituximab-Dexamethasone (04%) and Bortezomib-Lenalidomide-
Dexamethasone (0.2%).

331/560 (59.1%) patients fulfilled one of the two progression
criteria (ISA or Pavia criteria). 267 patients fulfilled the ISA
progression criteria, and 235 patients fulfilled the Pavia criteria
(Figs. SA2 & 3). 171/331 (51.7%) patients had progressed by both
criteria at the time of this analysis. 64/331 (19.3%) had only
progressed by the Pavia criteria, and 96/331 (29%) had only
progressed by the ISA criteria. Of the 171 patients who progressed
by both criteria, 73/171 (42.7%) fulfilled both criteria at the same
time, 44/171 (25.7%) patients progressed by the ISA criteria before
the Pavia criteria (median difference between the two progression
criteria was 4 months, range 1-28 months) and 54/171 (31.6%)
progressed by the Pavia criteria before the ISA criteria (median
difference 3.5 months, range 1-22 months).

250 (44.6%) and 310 (55.4%) patients had early (ER) and late (LR)
relapse, respectively. In the LR group, 81 (26.1%) patients had
progressed, and 229 (73.9%) patients were in continuing response.
38/331 (11.5%) patients had died after progression without
receiving further therapy (Table SA2 and Fig. SA4). 40/560 (7.1%)
patients received a stem cell transplant. The baseline character-
istics of the two groups are captured in Table 1 (significant
differences in bold). The ER group had more advanced cardiac
disease (p<0.005), a higher serum M-protein (p=0.023) and
higher dFLC (p <0.005). The median bone marrow plasma cell
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Late relapses (PFS >24 months),
n=310

Early relapses (PFS <24 months),
04 n=250

Proportion Surviving

Log-Rank test p<0.005

(] 20 40 60 80 100

Number at risk Months from 1st line treatment
Earlyrelapse 250 200 122 58 15 3
Laterelapse 310 310 224 100 36 7

Fig. 1

S. Ravichandran et al.

CR# Late relapse (PFS > 24 months),
n=141

 VGPR# Late relapse (PFS >24 months),
n=129

CR# Early relapse (PFS <24 months),
n=42

Proportion Surviving

04 VGPR+ Early relapse (PFS <24 months),
n=111

Log-Ranktest

Between CR#+ Late relapse & VGPR+ Late relapse: p=0.505
Between VGPR+ Late relapse & CR+ Early relapse: p=<0.005
Between CR#+ Early relapse & VGPR+ Early relapse: p=0.727

() 20 40 60 80 100
Months from 1st line treatment

Impact of early relapse on overall survival. A Kaplan-Meier curve showing the impact of early (€24 months) vs late (>24 months)

relapse on OS from 1st line. Patients with early relapse had a significantly poorer survival than the late relapses—median OS 71 months (95%
Cl 53.53-88.46 months) vs not reached (p < 0.005). 100%, 100% and 80% of LR patients were alive at the end of 1, 2 & 5 years, respectively.
B Kaplan-Meier curve showing the impact of early (€24 months) vs late (>24 months) relapse on OS from 1st line, stratified by the
haematologic response (CR & VGPR) after 1st line. Patients who relapsed early had a significantly poorer survival than those who relapsed late,
irrespective of their initial haematologic response (p < 0.005). There was no significant difference in survival between CR+ early response &
VGPR+ early response- median OS 61 months vs 64 months (95% Cl 53. 91-74.08 months), p = 0.727. Similarly, there was no significant
difference in survival between CR + late response and VGPR + late response- median OS 109 months vs not reached, p = 0.505. VGPR + late
response had a superior survival than CR + early response- median OS not reached vs 61 months, p < 0.005. Of, 100%, 100% and 80% of VGPR

+ late response were alive at the end of 1, 2 & 5 years, respectively.

percentage was not significantly different in either group; but, the
ER group had a higher proportion of patients with plasma cells >
20% (33.9% vs. 23.5%, p = 0.02). The ER group also had a lower
proportion of patients with deep haematologic response after 1st
line therapy (p < 0.005).

The median OS of the entire cohort was 109 months. Patients
with ER had significantly poorer survival than the LR patients-
median OS 71 months vs not reached after 1st line (p < 0.005)
(Fig. 1A). ER patients had poorer survival irrespective of the depth
of response to 1st line therapy (p < 0.005). ER patients had poorer
survival than LR patients after 2nd line also (Fig. SA5). The
outcomes of patients achieving a CR or VGPR were not
significantly different within ER or LR groups, but patients with
CR/VGPR in the LR group had significantly better survival than
patients with CR in the ER group—median OS not reached vs
61 months (p < 0.005) (Fig. 1B and SA6).

In a univariate model (Table 1), disease stage [Mayo stage | (p =
0.016), revised Mayo stage | (p < 0.005), & revised Mayo stage IV
(p =0.002)], NT-proBNP (p < 0.005), Troponin T (p =0.013), serum
M-protein (p = 0.024), FLC ratio =100 (p = 0.008), dFLC (p < 0.005),
bone marrow plasma cells > 20% (p = 0.021), = VGPR after 1st line
(p <0.005), dFLC < 10 mg/l (p<0.005), and iFLC <20 mg/l (p <
0.005) were significant predictors of early relapse. In a Multivariate
model including NT-proBNP, Troponin T, baseline dFLC, serum
M-protein and bone marrow plasma cells >20%, serum M-protein
[OR 2.460 (95% Cl 1.076-5.624), p = 0.033] & NT-proBNP [OR 1.506
(95% ClI 1.036-2.188), (p =0.032)] were significant predictors of
early relapse. When haematologic response (dFLC <10 mg/l or
iFLC <20 mg/L (separate models for each respectively)) was added
to the above model (instead of the baseline dFLC), we found
serum M-protein [OR 2.636 (95% Cl 1.033-6.732), p = 0.043] & dFLC
<10mg/I [OR 0.122 (95% Cl 0.063-0.235), (p < 0.005)] (as well as
iFLC <20 mg/L (OR 0.242, 95% Cl 0.126-0.465, p < 0.005)) were
significant predictors of early relapse.

These data show that AL patients with haematologic relapse
within 24 months of initial treatment have significantly poorer
survival -this appears to be linked to the biology of the underlying
clone as the early relapsing patients have higher presenting dFLC,
serum M-protein and bone marrow plasma cells. They also have
worse organ involvement with higher NT-proBNP at presentation.
The clonal biology and the degree of organ involvement are likely

Leukemia (2022) 36:1180- 1184

related since patients with bone marrow plasma cells >20% have a
greater cardiac involvement [12]. The depth of response to the initial
treatment is a critical determinant of response durability- the ER
group had a poorer depth of response to initial chemotherapy, and
a deep response (dFLC <10 mg/L) was independently predictive of
LR. Patients with advanced cardiac involvement are often sicker;
inevitably have dose modifications/treatment delays in addition to
having a higher clonal burden- both likely to impact haematologic
response. The patients in this cohort were treated at their local
hospitals, and we do not have access to the dose intensity;
therefore, we cannot test the above hypothesis. We acknowledge
this limitation of the present data. The present data are congruent
with the published data in Myeloma [5-7, 13].

Whilst there are no published reports on response durability
impacting outcomes in AL to compare with the current analysis,
the Mayo clinic group has reported that patients with higher
presenting plasma cell percentages have poorer outcomes [12]
and higher cardiac involvement, consistent with the current study.
The presence of cytogenetic abnormalities (hyperdiploidy or
t(11;14)) is associated with poorer outcomes in AL [14]. The lack
of cytogenetic data (at presentation and relapse) in the current
cohort is a significant limitation.

Since the current cohort was exclusively treated with bortezo-
mib upfront, we cannot comment on the impact of other
therapies on ER/LR. As clonal burden at presentation appears to
be a marker of early progression, treatment strategies may need
modulating on initial clonal markers (in addition to organ
involvement that has dominated therapeutic adjustments). As
deeper responses translated to LR, Daratumumab-CyBorD, which
is highly effective in achieving deep responses, is an attractive
option; but, longer follow up is needed for progression data in the
Andromeda study [15]. Other options may include deferred
autologous stem cell transplantation (SCT) consolidation in those
not eligible for an upfront SCT. There is little data on maintenance
therapy to delay relapse, and prospective trials are required.

The study'’s retrospective nature, absence of cytogenetic data at
diagnosis and clonal evolution at progression remain limitations of
this analysis.

In conclusion, response durability is an equally important
variable (along with the depth of response) in assessing prognosis
in AL. Regimens capable of inducing a deep response are available
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and should be adopted early. The early relapses should be
considered for clinical trials that can identify treatments with the
potential to overcome the high-risk biology of the disease.
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