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ABSTRACT

immunoglobulin light chain (AL) amyloidosis are not well devel-

oped. We evaluated the response and outcome for various regi-

mens at first-line treatment (n=681) and first progression (n=240) strati-

fied by the immunoparesis status at diagnosis. Immunoparesis was

assessed by the average relative difference of the uninvolved

immunoglobulins, classifying patients into a negative average relative

difference (i.e. significant immunoparesis) or a positive average relative

difference (no/modest immunoparesis). Treatment was categorized as

autologous stem cell transplant and four non-transplant regimens (mel-

phalan-based; bortezomib-based, immunomodulatory drug-based and

dexamethasone alone). Patients with significant immunoparesis who

underwent stem cell transplant had a significantly lower rate of very

Correspondence: good partial response or better response (58%), progression-free sur-

gertzmorie@mayo.edu vival (median 30 months) and overall survival (108 months), compared

to those without significant immunoparesis (80%, 127 months, median

not reached, respectively; P<0.001 for all comparisons). Among the non-

transplant regimens, melphalan resulted in an unfavorable progression-
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difference in outcomes between the immunoparesis groups was seen

for those treated with bortezomib or immunomodulatory drugs. At first

progression, immunoparesis status did not impact response or survival

of any regimen. Melphalan at first-line provided poorer outcomes for

_ ) patients with significant immunoparesis, while bortezomib or
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Introduction

©2016 Ferrata Storti Foundation AL amyloidosis is a disorder with considerable therapeutic challenges. The dis-
) ) ; o ease can produce profound organ dysfunction which may limit the intensity of the
Material published in-Haematologica is cov- delivered treatment, and therefore treatment efficacy is impaired. Autologous stem
Iigiga gy ;l%l?t/in%gzngg t;é%htZ'oﬁzgr‘:)efdai‘;ictlgg cell transplantation (ASCT) is considered the treatment of choice, when applicable,
are allowed for personall or internal use. given its superior long-term survival.'”” However, for non-ASCT eligible patients,
Permission in writing from the publisher is therapy selection based on baseline disease characteristics has not been well-devel-
required for any other use. oped. The lack of guidelines for treatment selection at diagnosis may lead to the
selection of inappropriate treatment that would lead to irreversible organ damage
and a shorter survival.
Recently, we have reported that significant immunoparesis is an adverse prog-

- 1102 haematologica | 2016; 101(9)

opsuanccsss




nostic factor in newly diagnosed AL amyloidosis.*We pro-
posed that immunoparesis assessment can be carried out
by two methods. First, qualitatively, considering the num-
ber of uninvolved immunoglobulins below their lower
limit of normal (LLN) and second, quantitatively, in which
the average relative difference (ARD) of the uninvolved
immunoglobulins from their respective lower limits is
assessed. It was found that patients with significant
immunoparesis (represented by either a reduction of all
the uninvolved immunoglobulins below the LLN or by a
negative ARD value) had a higher rate of treatment failure
and reduced progression-free survival (PFS) and overall
survival (OS) compared to patients with no or only mod-
erate immunoparesis. The quantitative assessment was,
however, shown to have a better discriminate power for
survival. In this study we explored the results of selected
treatment regimens at induction and first progression and
analyzed these outcomes based on the ARD status at diag-
nosis.

Methods

Six hundred and eighty-one patients (n=681) with systemic AL
amyloidosis seen at the Mayo Clinic (Rochester, MN, USA) within
90 days of diagnosis between January 1, 2005 and August 31, 2015
were included. Data were extracted from a prospectively main-
tained database. The median follow-up of the surviving patients is
53 months (range 3-135 months). All patients gave written
informed consent to have their medical records reviewed. The
Mayo Clinic Foundation Institutional Review Board (IRB)
approved this study.

Patients were excluded if they had prior treatment, amyloidosis
associated with a lymphoproliferative disorder, an incidental pos-
itive bone marrow and/or fat aspirate without an amyloid-specific
syndrome or a localized disease. Three hundred and seventeen
patients who met inclusion criteria but lacked response evaluation

data were not included in this study for the following reasons: no
treatment/less than one cycle of treatment (n=58), lack of suffi-
cient laboratory data for response evaluation, and/or early death
rendering them inevaluable for response (n=259).

The diagnosis of AL amyloidosis was based on a tissue speci-
men positive for Congo red staining and with green birefringence
under polarized light, followed by typing with immunohisto-
chemistry, immunofluorescence, or mass spectrometry. All
patients had immunoglobulin measurements before treatment.
For immunoparesis assessment we used a quantitative measure,
which utilizes the ARD of the uninvolved immunoglobulins. ARD
was calculated as the mean value of the relative difference of the
uninvolved immunoglobulins from their lower limit of normal
(See the Online Supplementary File for a sample calculation). Based
on this method, patients were stratified to those with a negative
ARD value (i.e. significant immunoparesis) and those with a posi-
tive ARD value (i.e. no immunoparesis or modest immunoparesis
only).

Treatment regimens at induction and first progression were
grouped into autologous stem cell transplant (ASCT) and non-
transplant regimens. The latter category includes the following
regimen categories: melphalan-based regimen, bortezomib-based
regimen (which includes 4 patients at first progression treated
with other proteasome inhibitors) immunomodulatory drugs
(IMiD)-based regimen (thalidomide, lenalidomide or pomalido-
mide), and dexamethasone alone. Eligibility criteria for ASCT at
our center have been previously described.’

Two-hundred and ninety four patients (43% of the study popu-
lation) progressed during follow-up. Of these, 51 patients (17%)
progressed but were not treated and 3 additional patients had
treatment of an unknown type. Therefore, 240 patients are evalu-
able for response and survival at first progression. Details of the
specific regimens used at first-line of treatment and at first progres-
sion can be viewed in the Ounline Supplementary Matetial. For
assignment of ARD group at first progression, we applied the
baseline ARD groups at diagnosis, which represents an intrinsic
feature of the disease not influenced by treatment.

Table 1. Baseline characteristics of all patients and by immunoparesis status at diagnosis.

Characteristic Positive ARD Negative ARD
(N=441) (N=240)
Age, years
Median (range) 62 (26-89) 62 (26-89) 63 (35-88) 0.15
Male sex, N (%) 422 (62%) 282 (64%) 140 (58%) 0.32
Organ involved, N (%)
Median (range) 2 (14) 2 (14) 2 (14)
>2 161 (24%) 112 (25%) 51 (21%) 0.22
2004 Mayo AL amyloidosis stage, (n=652) N (%)
I 165 (25%) 117 (28%) 48 (21%)
I 283 (44%) 176 (41%) 107 (47%) 0.17
11 204 (31%) 133 (31%) 71 (32%)
2012 Mayo AL amyloidosis revised stage, (n=661) N (%)
I 186 (28%) 138 (32%) 48 (21%)
I 166 (25%) 102 (24%) 64 (28%) 0.007
11 165 (25%) 110 (25%) 55 (24%)
\% 144 (22%) 82 (19%) 62 (27%)
Treatment categories
ASCT 289 (42%) 191 (43%) 98 (41%)
Melphalan-based regimens 220 (32%) 145 (33%) 75 (31%)
Bortezomib-based regimens 131 (19%) 86 (19.5%) 45 (19%) 0.04
IMiD-based regimens 31 (5%) 17 (4%) 14 (6%)
Dexamethasone alone 10 (2%) 2 (0.5%) 8 (3%)

ARD: average relative difference; ASCT: autologous stem cell transplantation; IMiD: immunomodulatory drug.

Immunoparesis impact on therapy in AL amyloidosis -
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The Pearson 7 test and the Kruskal-Wallis test were used to
ascertain differences between nominal and continuous variables,
respectively. Evaluation of response, PFS and OS were performed
in accordance with consensus criteria,” the Kaplan-Meier method
was used to measure survival analysis. Univariate Cox proportion-
al regression analysis was used to examine the relationship
between ARD groups, regimen types and survival outcome. P val-
ues less than 0.05 were considered significant. All statistical analy-
ses were performed on JMP software (SAS, Cary, NC, USA).

Results

Baseline characteristics

The median age of the 681 patients was 62 years [range
26-89); 62% of patients were male. The median number of
organs involved was 2 (range 1-4). The 2004 Mayo stage®
and the 2012 revised Mayo stage’ are listed in Table 1.

First line treatment

Induction treatment categories are listed in Table 1. A
melphalan-based regimen was given to 32% of patients,
bortezomib-based regimens to 19% of patients, an IMiD-
based regimen to 5% of patients and dexamethasone
alone for 2% of patients. Autologous stem cell transplant
(ASCT) was performed in 32% of patients without prior
induction, while an additional 10% of patients proceeded
to ASCT following induction treatment making a total of
42% undergoing ASCT as a first-line treatment. There
was no difference in treatment categories distribution,
including ASCT, melphalan-based, bortezomib-based and
IMiD-based regimens between immunoparesis groups
(P=0.66), but not dexamethasone alone. Patients who

underwent ASCT were younger (median age 59), with
fewer organs involved (median one organ) and lower 2004
Mayo stage III (15%) and 2012 revised stages III-IV (25%),
compared to patients treated with non-transplant regi-
mens (median age 65; median involved organs 2; 2004
Mayo stage III 44%; 2012 revised stage III-IV 64%; all
comparisons P<0.001). In patients who received non-
transplant regimens, baseline characteristics were bal-
anced between regimens in both immunoparesis groups
(data not shown).

Hematological response to first-line treatment by
immunoparesis status

The rate of very good partial response (VGPR) or better
(=VGPR) was 48% in patients with a negative ARD com-
pared to 70% in patients with a positive ARD (P<0.001).
While the rate of VGPR was similar between groups (25%
and 26%, respectively), fewer patients in the negative
ARD group reached a complete response (CR) compared
to those with a positive ARD (23% vs. 44%). The rates of
partial response and no response were 30% and 22% vs.
19% and 11%, respectively.

The rate of VGPR or better response by treatment cate-
gories can be seen in Figure 1. When comparing the
=VGPR rate for each regimen between patients with a
negative ARD to those with a positive ARD, the differ-
ence between groups was seen in those receiving ASCT
(58% vs. 80%; P<0.001), a melphalan-based regimen (37 %
vs. 57%; P=0.006) and a bortezomib-based regimen (47 %
vs. 76%; P=0.001). However, no difference between
groups was found in the IMiD-based regimen category
(57% vs. 53%; P=0.81) or dexamethasone alone (25% vs.
50%; P=0.5)
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Figure 1. Rate of very good partial response (VGPR) or better by regimen type and immunoparesis status at first-line treatment. ASCT: autologous stem cell trans-

- haematologica | 2016; 101(9)



Organ response by immunoparesis status

Organ response, (i.e. response in at least one involved
organ) was seen in 57 % of patients, and was significantly
lower in patients with a negative ARD compared to those
with a positive ARD (48% vs. 62%, respectively; P<0.001)
(Figure 2). No difference in the achievement of organ
response between the two immunoparesis groups was
seen in those treated with ASCT (66% vs. 75%; P=0.12), a
bortezomib-based regimen (48% vs. 56%; P=0.41), an
IMiD-based regimen (54% vs. 43%; P=0.56) and dexam-
ethasone alone (14% vs. 0%; P=0.59). However, for
patients treated with a melphalan-based regimen, those
with a negative ARD wrere less likely to achieve an organ
response compared to those with a positive ARD (28% vs.
52%; P<0.001).

Effect of immunoparesis status on progression-free
survival and overall survival by regimen type

Patients with a negative ARD, indicating significant
immunoparesis, had a shorter PFS (median 16 months)
compared to patients with a positive ARD [49 months,
P<0.001; Hazard ratio (HR) 1.9, (95% confidence interval
(CI) 1.5-2.8)]. The comparison of PES between immuno-
paresis groups based on the given regimen demonstrated
a significant difference in favor of the positive ARD group
and was maintained in those undergoing ASCT [30 vs. 127
months, respectively, P<0.001; HR 2.3 (95% CI 1.6-3.2)]
and for those treated with a melphalan-based regimen [11
vs. 27 months, P<0.001; HR 1.9 (95% CI 1.4-2.6)]. In con-
trast, no significant difference in PES was noted between
the negative and positive ARD groups in those treated
with a bortezomib-based regimen [14 vs. 23 months,
P=0.13; HR 1.4 (95% CI 0.9-2.3)], an IMiD-based regimen
[20 vs. 13 months, P=0.84; HR 0.9 (95% CI 0.4-2)] or dex-
amethasone alone [5 vs. 6 months, P=0.66; HR 0.7 (95%
CI 0.1-5)] (Figure 8).

Immunoparesis impact on therapy in AL amyloidosis -

Patients with a negative ARD had a shorter OS (median
66 months) compared to patients with a positive ARD
[median 127 months, P<0.001; HR 1.6, (95% CI 1.3-2)]. In
patients who underwent ASCT, inferior OS was seen in
patients with a negative ARD (median 108 months) com-
pared to patients with a positive ARD [median not
reached, P=0.01; HR 1.9, (95% CI 1.1-8)]. Similarly,
patients with a negative ARD treated with a melphalan-
based regimen had an inferior OS compared to patients
with a positive ARD treated with the same regimen type
[30 vs. 74 months, P=0.001; HR 1.7, (95% CI 1.2-2.5)].
However, no significant difference in OS between
immunoparesis groups was observed for a bortezomib-
based regimen [57 vs. 41 months, P=0.61; HR 1.2, (95% CI
0.6-2.0)], an IMiD-based regimen [32 vs. 16 months, P=0.4;
HR 0.7, (95% CI 0.3-1.6)] or dexamethasone alone [20
months vs. median not reached, P=0.57; HR 1.8, (95% CI
0.3-34)] (Figure 4). Of note, patients with a positive ARD
treated with an IMiD-based regimen had a significantly
shorter OS compared to other non-transplant regimens in
this group (P=0.01).

Treatment at first progression

The progression rate in patients with a negative ARD
was 53% compared to 39% in patients with a positive
ARD (P<0.001). The median time to first progression was
14 months, shorter in patients with a negative ARD (12
months) compared to patients with a positive ARD (17
months; P=0.01). The characteristics of patients at first
progression are listed in Table 2. The most common regi-
men used at first progression was bortezomib-based
(53%), followed by IMiD-based (25%), melphalan-based
(14%), ASCT (5%) and dexamethasone alone (3%). A dif-
ferent treatment distribution was noted at first progres-
sion by baseline immunoparesis status. Patients with a
baseline negative ARD were more likely to receive a mel-
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Figure 2. Rate of organ response by regimen type and immunoparesis status at first-line treatment. ASCT: autologous stem cell transplant; ARD: average relative

difference; IMiD: immunomodulatory drug.
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phalan—based (18%) or an IMiD-based regimen (33%)
compared to patients with a positive ARD (11% and 20%,
respectively). In contrast, patients with a positive ARD
were more likely to receive a bortezomib-based regimen
(59%) compared to those with a negative ARD (44%).
ASCT was used at a similar rate between groups (4% in

the negative ARD groups and 6% in the positive ARD
group) (P for all comparisons=0.02). Moreover, patients
receiving a melphalan-based regimen at first progression
were less likely to receive ASCT at first-line (30%) com-
pared to other non-transplant regimens at first progression
(49%; P=0.04), with no difference between ARD groups.

Table 2. Characteristics of patients at first progression by immunoparesis status at diagnosis.

All patients Positive ARD at baseline  Negative ARD at baseline
(N=240) (N=138) (N=102)
Age, years
Median (range) 61 (36-83) 61 (36-83) 62 (38-82) 0.12
Male sex, N (%) 154 (64%) 88 (64%) 66 (65%) 0.88
Organ involved, N (%)
Median (range) 2 (14) 2 (14) 1(1-4) 0.003
>2 63 (26%) 41 (30%) 22 (22%) 0.15
2004 Mayo AL amyloidosis stage, (n=231) N (%)
I 50 (22%) 32 (24%) 18 (18%)
I 125 (54%) 73 (55%) 52 (53%) 0.33
11 56 (24%) 28 (21%) 28 (29%)
2012 Mayo AL amyloidosis revised stage, (n=234) N (%)
I 61 (26%) 41 (30%) 20 (20%)
I 73 (31%) 40 (30%) 33 (33%) 0.36
11 62 (27%) 34 (25%) 28 (28%)
\% 38 (16%) 20 (15%) 18 (18%)
Treatment categories
ASCT 12 (5%) 8 (6%) 4 (4%)
Melphalan-based regimens 33 (14%) 15 (11%) 18 (18%)
Bortezomib-based regimens 127 (53%) 82 (59%) 45 (44%) 0.02
IMiD-based regimens 61 (25%) 27 (20%) 34 (33%)
Dexamethasone alone 7 (3%) 6 (4%) 1 (1%)
ARD: average relative difference; ASCT: autologous stem cell transplantation; IMiD: immunomodulatory drug.
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Figure 3. Progression-free survival by regimen type and immunoparesis status at first-line treatment. ARD: average relative difference A. Autologous stem cell trans-
plantation (ASCT) B. Melphalan-based regimen C. Bortezomib-based regimen D. IMiD-based regimen.




Response at first progression

The rate of VGPR or better at first progression did not
differ between the immunoparesis groups. Fifty-seven
percent of patients with a baseline negative ARD achieved
=VGPR compared to 56% in patients with a positive base-
line ARD (P=0.97). No difference was seen in the depth of
response between groups (CR 19% vs. 15%; VGPR 23%
vs. 28%, respectively; P=0.32). Organ response also did
not differ between negative and positive ARD groups
(42% vs. 40%; P=0.73).

The comparison of the rate of =2VGPR by regimens
between patients with a negative ARD to those with a
positive ARD can be viewed in Figure 5. ASCT at first pro-
gression was utilized in 12 patients, and yielded the high-
est VGPR or better response rate (100% in patients with a
negative ARD and 86% in patients with a positive ARD;
P=0.46). As for the non-transplant regimens, no difference
in the rate of =VGPR between the negative and positive
ARD groups was noted for any regimen (melphalan-based
regimen 29% vs. 43%, P=0.43; bortezomib-based 74% vs.
60%, P=0.14; IMiD-based 50% vs. 50%, P=1.0; dexam-
ethasone alone 0% vs. 33%, P=0.39).

Survival from first progression

PES from first progression was comparable between
those with a negative ARD and those with a positive ARD
(median 17 vs. 20 months, respectively, P=0.95; HR 1 95%
CI 0.7-1.4) (Figure 6A). No significant difference in PFS
was seen between the negative and positive ARD groups
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for any regimen at first progression [ASCT median not
reached in both, P=0.23; HR not estimable); melphalan-
based median 8 months vs. 13 months , P=0.36; HR 1.5
(95% CI 0.6-3.5); bortezomib-based 27 vs. 22 months,
P=0.64; HR 0.9 (95% CI 0.5-1.5); IMiD-based 17 months
both, P=0.59; HR 0.8 (95% CI 0.4-1.7); dexamethasone
alone 3 vs. 7 months, P=0.17; HR 5.5 (95% CI 0.2-138)].

OS from first progression was similar between groups
[median 42 months in those with a negative ARD com-
pared to 47 months in those with a positive ARD, P=0.65;
HR 1.1 (95%CI 0.8-1.5)] (Figure 6B). No significant differ-
ence in OS was seen between the negative and positive
ARD groups for any given regimen at first progression
[ASCT median not reached in both groups, P=0.18; HR
not estimable; melphalan-based median 31 months vs. 40
months, P=0.9; HR 0.9 (95%CI 0.4-2.5); bortezomib-
based median not reached vs. 72 months, P=0.42; HR 0.8
(95%CI 0.4-1.4); IMiD-based 54 months vs. 68 months,
P=0.95; HR 1 (95%CI 0.5-2.2); dexamethasone alone 5 vs.
37 months, P=0.17; HR 5.5 (95%CI 0.2-138)].

Discussion

This study provides data on the differential response to
various chemotherapeutic regimens in AL amyloidosis at
first-line and first progression stratified by the immuno-
paresis status at diagnosis. For newly diagnosed patients,
ASCT provided the best outcomes within each immuno-
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Figure 4. Overall survival by regimen type and immunoparesis status at first-line treatment. ARD: average relative difference. A. Autologous stem cell transplantation
(ASCT) B. Melphalan-based regimen C. Bortezomib-based regimen D. IMiD-based regimen.
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paresis group, but with a greater benefit seen in patients
without significant immunoparesis (i.e. positive ARD)
compared to those with significant immunoparesis (i.e.
negative ARD). For non-transplant first-line regimens, a
comparison between immunoparesis groups shows that
while the advantage for those with a positive ARD was
seen with a melphalan-based regimen, this advantage dis-
appeared with bortezomib or IMiD-based regimens. The
response and outcome at first progression were compara-
ble between immunoparesis groups, suggesting neutral-
ization of the adverse prognostic effect of immunosup-
pression at progression. However, when the data was ana-
lyzed by regimen, melphalan-based and dexamethasone
alone generally produced poorer response and survival
compared to other regimens, possibly reflecting selection
bias.

ASCT provided an improved survival rate in each
immunoparesis group. The advantage of ASCT was seen
as a higher rate of zVGPR as well as a longer PES and OS.
ASCT is, however, applicable only in a fraction of
patients, which carry a more favorable prognosis, as
reflected by younger age, a median of one involved organ
and lower risk-stratified stage. In this study, ASCT (with
or without prior induction) was performed in over 40% of
patients, and reflects a referral bias. It is important to note
that although patients with significant immunoparesis
were shown to have more cardiac involvement, less renal
involvement and a higher tumor burden (dFLC, bone mar-
row plasma cell percentage),’ they were as likely to pro-
ceed to ASCT as those without significant immunoparesis
(41% vs. 43%, respectively). Even with ASCT, patients
with a negative ARD had a lower =VGPR rate, PFS and OS
compared to patients with a positive ARD, although organ

response was achieved at a similar rate (66% vs. 75%,
respectively). It appears that ASCT is the treatment of
choice regardless of immunoparesis status, but response
and response duration in patients with significant
immunoparesis are lower than in those without signifi-
cant immunoparesis.

Exploration of the treatment options in the non-trans-
plant regimens reveals that patients with significant
immunoparesis had a poorer response to melphalan-based
regimens. This was reflected by a low rate of =VGPR
(which represents the therapeutic endpoint in AL amyloi-
dosis),” as well as significantly lower organ response rate.
In comparison, patients lacking significant immunoparesis
treated with similar regimens had higher hematological
(57 %) and organ response (53%) rates. Moreover, a PFS
and OS advantage in favor of patients without significant
immunoparesis was seen in those treated with high-dose
melphalan or low-intensity melphalan, but not for borte-
zomib or IMiDs. This finding suggests that in ASCT inel-
igible patients, melphalan has a greater impact in those
without significant immunoparesis, while those with sig-
nificant immunoparesis are less likely to benefit from mel-
phalan. The reason for this is unclear, but might reflect dif-
ferent disease biology based on immunoparesis status.
Melphalan, an alkylating agent is, unlike bortezomib and
IMiDs, genotoxic.® As such, it has the potential to impact
DNA integrity and accelerate progression of a genomically
unstable plasma cell clone. At progression, melphalan
therapy produced the poorest results, which also supports
this hypothesis. However, this clearly needs further inves-
tigation.

While IMiDs produced a relatively good response rate
and survival in patients with significant immunoparesis,
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Figure 6. Survival curves at first progression by baseline immunoparesis sta-
tus, ARD: average relative difference. A. Progression-free survival from progres-
sion. B. Overall survival from progression.
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they were associated with a reduced OS in patients with-
out significant immunoparesis. IMiDs in AL amyloidosis
are generally not well tolerated and produce modest ben-
efit,”’ and therefore are not considered as first-line treat-
ment for most patients. Based on the data presented, the
selection of an IMID as first-line should be discouraged in
those without significant immunoparesis but can be con-
sidered for those with significant immunoparesis. The
number of patients treated with IMiDs in this study was
small, so this conclusion must be taken with caution and
should be confirmed by other studies. When dexametha-
sone alone was utilized, the results were generally poor.

Patients at first progression were still able to achieve
=VGPR in over 50% of patients in both groups, but had a
shorter duration of response with a second-line of therapy:.
PES and OS were comparable between patients with or
without significant immunoparesis, independent of the
salvage regimen. However, patients treated with melpha-
lan-based regimens had poorer response, PFS and OS in
immunoparesis groups. This may reflect a bias, as patients
treated with low-dose melphalan at first progression were
less likely to have been ASCT-eligible at diagnosis and
carry a poorer prognosis.

In conclusion, first-line ASCT provides the best
response and survival in patients with AL amyloidosis,
irrespective of immunoparesis status. Better results for
ASCT, however, were seen in those without significant
immunoparesis. For non-transplant regimens, bortezomib
and IMiDs were more likely to overcome the poorer prog-
nosis associated with significant immunoparesis, while
low-dose melphalan was associated with the least benefit
for patients with significant immunoparesis. These find-
ings should be assessed in prospective studies.
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