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measured with the SF-36v2, Functional Assessment of Cancer Therapy/Gynecologic

tom questionnaire (ASQ). Score changes during treatment were analyzed descriptively
and using repeated-measures linear mixed models; analyses were not adjusted for mul-
tiplicity. Least-squares (LS) mean changes from baseline were significantly higher (bet-
ter HRQOL) for ixazomib-dexamethasone at several cycles for SF-36v2 Role Physical
and Vitality subscales (p < .05); no subscales demonstrated significant differences
favoring PC. For FACT/GOG-Ntx, small but significant differences in LS mean changes
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1 | INTRODUCTION

Systemic immunoglobulin light chain (AL) amyloidosis, a protein misfolding
disease, is characterized by conversion of immunoglobulin light chains
from their soluble states into amyloid fibril deposits, most commonly in
the heart and kidneys, which in turn lead to organ dysfunction.® AL amy-
loidosis is a rare but serious disorder, affecting approximately 40 individ-
uals per million annually, with an estimated incidence of 10.5 per million
person-years.>® AL amyloidosis is progressive, and early diagnosis is
critical to prevent irreversible organ damage.t

Treatment of AL amyloidosis is particularly challenging, as it
involves treatment directed against the plasma cell clone/dyscrasia
that itself can cause deterioration of organ function, often in elderly
and/or comorbid patients.* Drugs used to treat AL amyloidosis are
derived from experience with multiple myeloma or other B-cell malig-
nancies. Several classes of drugs, such as proteasome inhibitors (Pls)
and immunomodulatory drugs (IMiDs), as well as high-dose chemo-
therapy and autologous hematopoietic stem cell transplantation, have
yielded effective suppression of production of amyloidogenic precur-
sor protein for many patients. Recently, the combination of daratumu-
mab with bortezomib, cyclophosphamide, and dexamethasone was
approved as the first treatment ever for newly diagnosed patients.”
However, no treatments are approved for AL amyloidosis in the
relapsed/refractory setting, and effective therapies for patients with
advanced cardiac involvement, in particular, represent an unmet need.

Although difficult to measure, health-related quality of life
(HRQOL) can be profoundly affected in patients with systemic
AL amyloidosis owing to multiorgan involvement and treatment.!
Patient-reported outcomes (PROs) in AL amyloidosis are poorly
understood and challenging to summarize given the heterogeneity of
clinical characteristics and severity levels seen in patients presenting
with the disease. Symptoms and outcomes may vary depending upon
where the amyloid deposition occurs (e.g., heart, kidneys, liver, ner-
vous system) but commonly include fatigue, weakness, dyspnea, neu-
ropathy, edema, dizziness/lightheadedness, and gastrointestinal
symptoms.® While no standardized disease-specific assessment tools
or approaches with which to evaluate PROs in AL amyloidosis are
available,” a literature review by the Amyloidosis Forum, a private-
public partnership between the Amyloidosis Research Consortium
and the US Food and Drug Administration (FDA), found that AL amy-
loidosis impacts daily activities, social functioning, and emotional well-

being (Sanchorawala et al., forthcoming). More evidence is needed to

favored ixazomib-dexamethasone over PC at multiple cycles for seven items and both
summary scores; significant differences favored PC for one item (trouble hearing) at
multiple cycles. ASQ total score trended downward (lower burden) in both arms; signifi-
cant LS mean differences favored ixazomib-dexamethasone over PC at some cycles
(p < .05). Patients with relapsed/refractory AL amyloidosis treated with ixazomib-
dexamethasone experienced HRQOL and symptoms that were similar to or trended
better than patients treated with PC despite longer duration of therapy.

understand the impact of treatment on HRQOL of patients with AL
amyloidosis.

In the phase 3, open-label TOURMALINE-AL1 trial, patients with
relapsed/refractory AL amyloidosis were randomized 1:1 to receive
either oral ixazomib plus dexamethasone or physician's choice of che-
motherapy (PC) in 28-day cycles and were followed until progression
or unacceptable toxicity. An interim analysis demonstrated that
ixazomib-dexamethasone was well-tolerated and, although the primary
endpoint of overall hematologic response rate was not met, time-to-
event efficacy analyses consistently favored ixazomib-dexamethasone.®
Here, we report an analysis of PRO data on HRQOL and AL amyloid-
osis symptom severity from the phase 3 TOURMALINE- AL1 trial.

2 | METHODS

21 | Study design and population

The design and primary results of the phase 3, randomized, open-label
TOURMALINE-AL1 trial (NCT01659658) have been reported previ-
ously.® Briefly, eligible participants were adults with a biopsy-
confirmed AL amyloidosis with measurable major organ amyloid
involvement (cardiac or renal) that was relapsed or refractory after
1 or 2 prior therapies. A total of 168 patients were randomized 1:1 to
receive oral ixazomib (4 mg) on days 1, 8, and 15 plus oral dexametha-
sone 20 mg/day on days 1, 8, 15, and 22, or PC (dexamethasone
alone or with an alkylating agent [melphalan or cyclophosphamide] or
with an IMiD [thalidomide or lenalidomide]) in 28-day cycles.
Randomization was stratified by Mayo 2004 cardiac risk stage,
relapsed versus refractory disease, and prior Pl exposure. Patients
were treated until the first of the following: disease progression/
death, unacceptable toxicity, or study termination. The study was con-
ducted in accordance with Good Clinical Practice, and local ethics

committees/institutional review boards approved the protocol.

2.2 | Patient-reported outcomes measures

The following PRO measures were collected during the trial: the
36-item Short Form General Health Survey version 2 (SF-36v2)?1° was
used to evaluate HRQOL, and the Functional Assessment of Cancer

Therapy/Gynecologic Oncology Group Neurotoxicity subscale (FACT/
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GOG-Ntx; Version 4)** and a novel amyloidosis symptom questionnaire
(ASQ)*2 were used to evaluate AL amyloidosis symptom burden.

The SF-36v2 evaluates eight health-domain scales of functional
health and well-being (Vitality, Physical Functioning, Bodily Pain,
General Health, Role Physical, Role Emotional, Social Functioning, and
Mental Health), as well as Physical Component Summary (PCS) and
Mental Component Summary (MCS) scores. All SF-36v2 scales and
summary scores are transformed into a 0-100 scale, where higher
scores indicate better health. The recall period is primarily the past
4 weeks, with some general health items referring to current health
status, and one item comparing current health to health 1 year prior.

The FACT/GOG-Ntx is an 11-item questionnaire evaluating con-
cerns with symptoms of neurotoxicity on a scale of O (not at all) to
4 (very much) within a recall period of the past 7 days. The 11 items
(numbness or tingling in hands, numbness or tingling in feet, discom-
fort in hands, discomfort in feet, joint pain or muscle cramps, feeling
weak all over, trouble hearing, ringing or buzzing in ears, trouble but-
toning buttons, trouble feeling shape of small objects, trouble walking)
yield two subscales: a sensory subscale with a score range of O to
44, and a neurotoxicity subscale with a score range of O to 16. For
items and subscales, symptom scores are inverted so that higher
scores indicate lower symptom burden.

In addition, the novel, study-specific ASQ was developed to evalu-
ate symptom burden. The ASQ includes three items (swelling in the
lower body, shortness of breath, dizziness or lightheadedness), each
rated on an 11-point numerical scale (0 = least severe, 10 = most
severe) of the worst symptom severity patients experienced in the pre-
vious 24 hours, yielding individual symptom scores as well as a total
score ranging from O to 30. Higher values on the symptom scores and
the total score indicate higher levels of symptomology or problems. The
ASQ items were developed based on qualitative research that included
a review of the published literature and social media; input from clinical
experts; and interviews with patients with amyloidosis, involving both
concept elicitation and cognitive debriefing of the draft ASQ'% no psy-
chometric validation of the questionnaire has been performed thus far.

The SF-36v2 was assessed at screening, at day 1 of every third cycle,
and at the end of treatment (EOT). The other PRO instruments were
assessed at screening, at day 1 of every cycle, and at EOT. PRO analyses
were conducted in patients with baseline and at least 1 postbaseline
measurement in the intent-to-treat (ITT) population. For all measures,
item-level missing data and scoring of the instruments were handled on
the basis of the developers' guidelines. SF-36v2 scores were calculated
by software provided by the instrument developer. For the FACT/GOG-
Ntx, if at least 50% of subscale items were answered, subscale scores
were prorated by multiplying the sum of the subscale by the number of
items in the subscale and then dividing by the number of items actually
answered. If fewer than 50% of subscale items were answered, proration
was not allowed, and the subscale score was set to missing.

2.3 | Statistical analyses

To examine the impact of treatment for AL amyloidosis on QOL, using
the PRO measures assessed in this trial, several descriptive and

e WiLey L ¢

adjusted analyses were conducted. Compliance with each PRO mea-
sure was estimated at every cycle, and at EOT, and was defined as the
percentage of patients remaining in the study who completed a PRO
measure.

Summary statistics of mean (SD) observed values and changes
from baseline in subscale scores over time, by treatment arm, were
calculated. In addition, maximum improvements in subscale scores
were summarized and compared using an analysis of covariance
(ANCOVA) model, adjusted for cardiac risk stage, response to most
recent prior therapy, and baseline use of Pl (exposed or naive), to
compare treatment arms. Maximum improvement in a subscale score
was defined as the difference between the best score while on study
and the baseline score. For the SF-36v2 and ASQ, cumulative distribu-
tion function (CDF) plots of maximum improvement from baseline
were developed with the maximum improvement on x-axis (where
positive change in the SF-36v2 indicates improvement and negative
change in the ASQ indicates improvement) and the cumulative pro-
portion of patients experiencing a change less than or equal to that
change on the y-axis, P(X < =x). To our knowledge, minimal clinically
important differences for the included PRO measures have not been
specifically established in AL amyloidosis.

Repeated measurements analysis using a linear mixed model with
repeated measures was used to compare score changes from baseline
between treatment arms. The model was adjusted for the following
fixed effects: cardiac risk stage, response to most recent prior therapy,
baseline use of Pl (exposed or naive), treatment group, visit, treatment
by visit interaction, and baseline score. PROs were included as other
secondary objectives and as such, no adjustment was made for multi-
ple comparisons. p values are descriptive in nature. The data cut-off
date for the HRQOL analyses was 20 February 2019.

3 | RESULTS

3.1 | Patient characteristics
All 168 patients who were enrolled and randomly assigned to receive
ixazomib-dexamethasone or PC were included in the PRO analysis
population. At study entry, demographic and disease characteristics
were generally well-balanced between the ixazomib-dexamethasone
(n = 85) and PC (n = 83) arms (Table 1). In both treatment arms, most
patients had an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of O or 1 (91% in the ixazomib-dexamethasone arm and
87% in the PC arm), and 54% of patients in both arms were aged
265 years. More patients in the ixazomib-dexamethasone arm (71%)
than in the PC arm (58%) had kidney involvement, whereas more
patients in the PC arm (71%) than in the ixazomib-dexamethasone
arm (62%) had heart involvement.

Patients in the ixazomib-dexamethasone arm completed up to
58 cycles of treatment, and those in the PC arm completed up to
43 cycles of treatment; median treatment duration was 11.7 versus
5.0 months respectively (data not shown). Compliance for all PRO
measures was high at baseline (295%) and at all cycles before EOT
(293%) (Table S1, Supplemental Material).
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TABLE 1 Patient characteristics and descriptive subscale scores TABLE 1 (Continued)
at baseline. 5
Ixazomib-
Ixazomib- Dexamethasone  Physician's
Dexamethasone  Physician's (n = 85) Choice (n = 83)
(n=85) Choice (n = 83) Serum creatinine clearance,
Patient characteristics n (%)
Median age, years (range) 65 (38-84) 66 (33-82) <60 mL/min 37 (44) 30(36)
Age category, n (%) 260 mL/min 48 (56) 53 (64)
<65 years 39 (46) 38 (46) Median time from diagnosis, 34.5 (4.2-196.1) 32.6(2.1-114.5)
65-75 years 37 (44) 35 (42) el iz
>75 years 9(11) 10 (12) Rela!)sed/refractory to last 68 (80)/17 (20) 66 (80)/17 (20)
prior therapy, n (%)
Male, n (%) 51 (60) 46 (55) —
Prior lines of therapy or SCT, n (%)
Race®, n (%)
<1 50 (59) 50 (60)
White 70(82) 70 (84)
>2 35 (41) 33 (40)
Black or African American  1(1) 0 .
Pl-naive/exposed, n (%) 46 (54)/39 (46) 44 (53)/39 (47)
Asian 11 (13) 13 (16) . .
Received prior transplant, n 40 (47) 31(37)
Region (%)
North America 29 (34) 22 (27) Type of prior therapy, n (%)
Europe 37 (44) 39.(47) Dexamethasone-containing 69 (81) 68(82)
Rest of the world 19 (22) 22 (27) Prior IMiD 21 (25) 21 (25)
ECOG performance status, n (%) Thalidomide-containing 14 (16) 11(13)
0 36(42) 34(41) Lenalidomide-containing 7 (8) 12 (14)
1 41(48) 38 (46) Bortezomib-containing 40 (47) 39 (47)
2 8(9) 11(13) Melphalan-containing 61(72) 62 (75)
Sites of amyloid involvement®, n (%) Cyclophosphamide- 29 (34) 29 (35)
Heart 53 (62) 59 (71) containing
Liver 9 (11) 8 (10) Prednisolone-containing 3(4) 4 (5)
Kidney 60 (71) 48 (58) Bendamustine-containing 1 (1) 0
Gastrointestinal tract 11 (13) 12 (14) Other 7(8) 2(2)
Lung 1(1) 3(4) PRO subscale scores®
Autonomic nerve 5(6) 5 (6) SF-36v2¢ n=281 n=76
Peripheral nerve 10 (12) 8 (10) Physical component 44.0; 42.3 (9.8) 43.6; 42.8 (10.0)
Skin 4(5) 3(4) summary
Muscle tissue 0 1(1) Mental component 53.3;50.1(10.4) 50.6; 49.3(10.9)
summary
T 6(7 6(7
ongue @ @) Bodily Pain 51.5,50.2 (11.1)  51.5;50.1 (10.4)
C | ti | d 34 1(1
arpattunnet syndrome @ @) General Health 40.4;40.7 (9.4)  40.4;417 (8.9)
Other sites 13 (15) 13 (16) . -
Physical Functioning 46.1; 42.7 (9.8) 42.2;42.1(10.9)
Heart/kidney involvement, n (%)
Mental Health 53.5; 50.3 (9.9) 50.9; 49.1 (11.1)
Both 28 (33) 24 (29) i
Role Emotional 49.2;46.6 (10.4)  50.9;45.7 (11.9)
Heart (no kidney) 25 (29) 35 (42) X
Role Physical 41.4;41.7(104) 42.6;42.1(11.6)
Kid heart 32 (38 24 (29
idney (no heart) (38) (29) Social Functioning 47.3,472(9.6)  47.3;46.2(10.4)
Medi it f loid 2(1-5 2(1-7
edian sites of amylold (-5 (=7 Vitality 467,472 (110)  49.6;48.7 (11.2)
involvement at diagnosis,
n (range) FACT/GOG-Ntx n=82 n=_80
Mayo cardiac risk stage, n (%) Neurotoxicity subscale® 38.0; 35.5(7.8) 38.0; 35.9 (6.9)
| 27 (32) 26 (31) Sensory subscalef 14.0; 12.3 (3.9) 14.0; 12.8 (3.6)
1] 41 (48) 43 (52) NTX1: | have numbness or  4.0; 3.2 (1.1) 4.0; 3.2 (1.0)
I 17 (20) 14 (17) tingling in my hands
NYHA Class, n (%) NT.)<2:.I ha.ve numbness or  3.0; 2.9 (1.3) 4.0;3.1(1.2)
tingling in my feet
Oandl 54 (64) 52 (63) . .
NTX3: | feel discomfortin ~ 4.0; 3.3 (1.0) 4.0; 3.4 (0.9)
Il and III 31 (36) 31(37) I~
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SANCHORAWALA ET AL.
TABLE 1 (Continued)
Ixazomib-
Dexamethasone  Physician's
(n = 85) Choice (n = 83)
NTX4: | feel discomfortin  3.5; 2.9 (1.4) 40;3.1(1.2)
my feet
NTX5: | have joint painor  3.0; 3.0 (1.3) 3.0;3.1(1.1)
muscle cramps
HI12: | feel weak all over 3.0;2.9(1.1) 3.0;2.8(1.1)
NTXé6: | have trouble 4.0; 3.5(0.9) 4.0;34(1.1)
hearing
NTX7: | get a ringing or 4.0;34 (1.1) 4.0; 3.5 (1.0)
buzzing in my ears
NTX8: | have trouble 4.0; 3.6 (0.9) 4.0; 3.6 (0.9)
buttoning buttons
NTX9: Trouble feeling shape 4.0; 3.8 (0.7) 4.0; 3.7 (0.7)
of small objects
ANGé: | have trouble walking 3.5; 3.0 (1.3) 4.0;3.1(1.2)
ASQ® n=82 N=79
Item 1: Swelling in the lower 1.5; 2.2 (2.5) 1.0; 2.6 (2.8)
body
Item 2: Shortness of breath 2.0; 2.6 (2.6) 1.0; 2.1 (2.5)
Item 3: Dizziness or 0.0;1.1(1.8) 0.0; 1.3 (2.0)
lightheadedness
Total score 5.0; 5.9 (4.9) 4.0; 6.0 (5.6)

Abbreviations: ASQ, amyloidosis symptom questionnaire; ECOG, Eastern
Cooperative Oncology Group; EQ-5D-3L, EuroQol 5-Dimension 3-Level;
FACT/GOG-Ntx, Functional Assessment of Cancer Therapy/Gynecologic
Oncology Group Neurotoxicity; IMiD, immunomodulatory drug; NYHA,
New York Heart Association; PI, proteasome inhibitor; SCT, stem cell
transplant; SF-36v2, 36-item Short Form General Health Survey version 2.
?Race not reported in three patients in the ixazomib-dexamethasone arm.
bPatients could report multiple sites of amyloid involvement.

“Scores are among patients with baseline and at least one postbaseline
assessment in the intent-to-treat population.

9SF-36v2 scores are transformed into a 0-100 scale, where higher scores
indicate better health.

®FACT/GOG-Ntx items range from O to 4. Neurotoxicity subscale scores
range from O to 44; symptom scores were inverted so that higher scores
on items and subscales indicate higher quality of life or functioning.
fEACT/GOG-Ntx items range from O to 4. Sensory subscale scores range
from O to 16; symptom scores were inverted so that higher scores on
items and subscales indicate higher quality of life or functioning.

BASQ scores range from O to 10 for each item, with higher scores
indicating greater severity; range O to 30 for total score.

3.2 | Changes during treatment in PRO measure
subscale scores

3.21 | HRQOL

Baseline HRQOL, as measured by the SF-36v2, was similar between
treatment arms (Table 1). During the treatment period, descriptive SF-
36v2 PCS and MCS scores remained stable relative to baseline and
were similar between arms (Figure S1, Supplemental Material). The

eight subscale scores were also generally maintained over time and

were mostly similar between arms, although descriptive mean changes
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from baseline in the Role Physical and Vitality scales showed small but
consistent differences in favor of ixazomib-dexamethasone compared
with PC during most of the treatment period after the beginning cycles
(Figure 1; Figure S2, Supplemental Material). In the repeated-measures
analyses, least-squares (LS) mean changes from baseline were signifi-
cantly higher (indicating better HRQOL) for ixazomib-dexamethasone
compared with PC at multiple cycles in the SF-36v2 Role Physical sub-
scale (at cycles 6 and 15) and Vitality subscale (at cycles 3, 6, 9, and 24)
and at single cycles for the General Health subscale (at cycle 27) and
PCS score (at cycle 27) (p < .05) (data not shown). No subscales demon-
strated significant differences favoring PC. Based on the ANCOVA
model, estimated differences between treatment arms in maximum
improvement from baseline (i.e., difference between baseline score and
best score on a subscale) were 3.1 (95% confidence interval [Cl], 0.9-
5.2) for the Role Physical subscale, 4.5 (95% Cl, 2.2-6.8) for the Vitality
Subscale, 2.4 (95% Cl, 0.5-4.3) for the PCS score, and 2.7 (95% Cl, 0.4~
5.0) for the MCS score, and ranged from 1.2 to 2.6 for all other sub-
scales (data not shown). In addition, CDFs for maximum improvement in
SF-36v2 subscale scores showed that differences between the treat-
ment arms were generally small and variable, except for Role Physical
and Vitality subscales, which showed a small but consistent separation
in favor of ixazomib-dexamethasone (Figure S3, Supplemental Material).
Maximum improvement on the two summary scores, PCS and MCS,
ranged from —10 to +15 points for almost all patients (Figure S3).

3.22 | Symptom burden

Baseline scores on the FACT/GOG-Ntx revealed low symptom burden
at baseline, leaving little room for improvement (Table 1). The three
items with slightly higher burden (lower mean [SD] scores) for both
treatment arms at baseline were “| have numbness or tingling in my
feet” (ixazomib-dexamethasone, 2.9 [1.32]; PC, 3.1 [1.21]), “l have
joint pain or muscle cramps” (ixazomib-dexamethasone, 3.0 [1.25]; PC,
3.1 [1.05]), and “I feel weak all over” (ixazomib-dexamethasone, 2.9
[1.12]; PC, 2.8 [1.11]). During the treatment period, FACT/GOG-Ntx
subscale scores were generally maintained over time (Figure 5S4, Sup-
plemental Material). There were slight differences favoring ixazomib-
dexamethasone for the items “| have joint pain or muscle cramps,” I
have trouble walking,” and | feel weak all over” (Figure 2; Figure S5,
Supplemental Material). In the repeated-measures analyses, there were
small but significant differences in LS mean changes from baseline
favoring ixazomib-dexamethasone over PC at multiple cycles for 7 of
the 11 individual items, as well as for the sensory summary score
(at cycles 6, 21, and 22) and neurotoxicity summary score (at cycles
2, 6, 7, 15, 21, and 24) (data not shown). Differences favoring
ixazomib-dexamethasone were most pronounced for the items “l have
joint pain or muscle cramps,” “I have trouble walking,” and “I feel weak
all over.” There were small but significant differences favoring PC over
ixazomib-dexamethasone for one individual item (trouble hearing) at
multiple later cycles. Estimated mean differences in maximum
improvement from baseline based on the ANCOVA model were 0.6
(95% ClI, —0.1 to 1.3) for the sensory subscale and 2.0 (95% Cl, 0.7 to
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Mean changes from baseline in SF-36v2 Role Physical and Vitality scores over time. Cl = confidence interval; SF-36v2 = Short

Form Health Survey. The SF-36v2 consists of eight health-domain scales of functional health and well-being (Vitality, Physical Functioning, Bodily
Pain, General Health, Role Physical, Role Emotional, Social Functioning, and Mental Health), as well as Physical Component Summary and Mental
Component Summary scores. All scale and summary scores are transformed into 0-100 scales, where higher scores are associated with less
disability and better quality of life. Figure S2 in the Supplemental Material presents mean changes from baseline for the SF-36v2 summary scores

and other subscale scores.

3.3) for the neurotoxicity summary score. The items with the highest
estimated mean difference between the ixazomib-dexamethasone and
PC arms were | have joint pain or muscle cramps” (0.3; 95% Cl, 0.1-
0.5); “I feel weak all over” (0.3; 95% Cl, 0.1-0.6); and “| have trouble
walking” (0.3; 95% Cl, 0.1-0.5). Small differences in favor of ixazomib-
dexamethasone were observed for all other items except I have trou-
ble hearing” (0.0; 95% Cl, —0.1 to 0.2).

Low symptom burden at baseline was also evident in the ASQ
scores (Table 1). Of a possible range of 0 to 30 for the ASQ total
score, median scores were 5.0 for ixazomib-dexamethasone and 4.0
for PC. In both arms, ASQ total score trended downward slightly dur-
ing treatment after the first few cycles, indicating diminishing symp-
tom burden, but with small increases indicating worsening at EOT
(Figure S6, Supplemental Material). In the repeated-measures ana-
lyses, there were significant differences during treatment favoring
ixazomib-dexamethasone over PC at cycles 7 and 21 for total score;
at cycles 15, 21, and 35 for swelling; at cycle 7 for shortness of
breath, and at cycles 7 and 16 for dizziness or lightheadedness
(p < .05) (Figure 3). Estimated differences in maximum improvement
from baseline based on the ANCOVA, where negative change from

baseline indicates improvement, were — 0.8 (95% ClI, —1.8 to 0.2) for

ASQ total score, —0.2 (95% Cl, —0.6 to 0.3) for swelling, —0.4 (95%
Cl, —0.9 to 0.1) for shortness of breath, and —0.3 (95% Cl, —0.7 to
0.1) for dizziness or lightheadedness. The CDF plot for maximum
improvements from baseline in ASQ total score showed a slight sepa-
ration in favor of ixazomib-dexamethasone versus PC, reflecting slight
decreases in symptoms (Figure S7, Supplemental Material); the short-
ness of breath item showed the most consistent separation in favor of
ixazomib-dexamethasone, as the proportion of patients with an

improvement from baseline was at almost all time points.

4 | DISCUSSION

The TOURMALINE-AL1 trial population with relapsed or refractory
AL amyloidosis had generally good HRQOL and low symptom burden
at baseline that remained stable during treatment. Treatment with
ixazomib-dexamethasone had an impact on HRQOL that was compa-
rable with, and for some subscales and timepoints more favorable
than, treatment with the physician's choice of chemotherapy, despite
a longer duration of therapy. Mean baseline scores on the SF-36v2
PCS (42.3 for the ixazomib-dexamethasone arm and 42.8 for the PC

85U8017 SUOWILLIOD 8AIIR.1D) 3|l [dde au Aq peusenob ae SapIe YO ‘8sn JOSe|nl 10} Aiq1T 8ULUO A8]IM UO (SUORIPUOD-PUR-SLLIBIALICD" A3 1M ARIq Ul |UO//SdNY) SUORIPUOD pue SWB | 8y} 89S *[£202/£0/62] U0 Afelqaulluo A8|IM ‘Ssoinies ARiqiT TN uopuoabe| oD AseAlun A 99892°Ye/z00T 0T/10p/L0o A8 1M Aiq puljuoy/Sdny Wwols pepeojumoq ‘0 ‘2598960T



10968652, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajh.26866 by University College London UCL Library Services, Wiley Online Library on [23/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

~N T 2 C
(]
[0 &« & Flod 3¢ F10 &« Y Flo3 38 anhv o L a
= Feso — o i oo Leso « o £ 8 Z .
[eo & F80 ~ o €20 (850 — o w E 9 Tt o P
Feo g e [0 e Feo 3 e [{80 oo cC = > W
Loy o o Fogd oo =B g 0 e = o 2
Y F2o &« Fsso <o e &= Fsso « o c S Yo g S x &
Loo == F190 w o Lo m e F150 oo O =< o = Q o O
0w &2 (o oo @ &€ (oo oo S X 08 c @9
0 >B8 2> [O=]
Folo 82 bz o F60 82 F280 v o c oz |w = o0 o m
L _ Fiso w o F10 w o =) o] - =
L - L - w @
= 80 8e Loo ~ o 8o 82 Foso ~ o w e £ 5 ‘ 2 9 2
Luo se Lo oo Fuo s e oo oo I g c o £ e 8
Lerd oo Lgt) oo x =2 © & T O =
Loo 2 [ho wo Loo ® e Lo oo 5 Twe n o E € ©
Foo 8@ [oo == Fsio 8o [ == Z 2 °©cE£EQ g g m
Feo 2o Fewo 2o o2 €8 w. w B
Fro 82 Lo 2o Frio 8o bwo 2o o .W 2o o 5 9
sl L e g| o = - 3| L e T Fewo =« o o G
- S| Fwo o g Bo== ] F#o o - m £ 2 w £ Q = Qo
e tao g e o | bwo = - o tao g2 |2 Fwo = - - ¥ o = g
.o QT e s < Y 5 5
g wo s= £ feo oo Bl v |2 F60 & o T 5 o 9un 0 o N
a| Loy =x | [0 2 | las 2 = Feeo @« Froo & [ fi3 38 <= 2 wn o £ @
= 0 ¥ = 2 0o ¥ 2 = 9 @ c ' z =
z Z| g0 2w~ Z Z L0 2w Leww 2o 690 - < T A o L & =
<l e 2% < by e F60o 29 Logd & o & Lesg — o > = (¢} n X
[T e R » O
o le s 4| feeo =~ e e |4 boeo e < tao w2 b ~ o g c o w0
- A _| b0 =< _ A _ Lo =« Loy oo £ 9 € i c = o
&l o s & beo =< &l o ws | & Feeo &= [ &= Feo w e = M Pl m g 2
5 L b =< z z bezo =< Loo m e Fr50 o o £ 2 w = s m ]
Elfw =3 e Lo == El o =3 | % Lo o Leo w o ez 24 ¢ 5 2
g Mm Lo s2 Mm [ e~ Mm to o2 Mm wmmw o< Folo 82 \mw oo RID g M .m £ % 3
< Feo = o Leo = o .o Ligo oo he] i}
E} El o == g lao g Ellw e |E Lo g oo 82 Lo ~o & m 5= 9 w B
z leo =2 feo 8o o o =z |y tuo & buo se o0 o sz 5 £ 5 £
H + e + Foo s 8 Foo o Yo Lo o O = G o b S 2 g
s T FooRE — s s~ 8 T rmoRE Fszo &~ Foo &2 Fo o Il M S o o = S
L L L L T T 1 1 T 1 11 @ TTT T T T T T T TTITT rrrrrrrrrrrrorrl ' 990 o o —
EsroN-oT9979 E@ TONCOTa0Te <@ PUCEoNeoTTONNIEEE <@ wosoteorTongroe <o oo 8« (oo oo OO § L R
5 EE £z 2 €= £z bno g o Lo oo g Qe ST o n 2 <
= 10 %GS6 YNMm duljaseq woly 10 %S6 YiM duljaseq woly & 10 %56 uim suljaseq woiy 10 %56 YNM duljaseq woly — — Lero - IS = 8 w rm % . LhL ©
_—_ abueya ueaw XIN-909/L0V4 aBueyd ueaw XIN-909/LOV4 mwm.aﬁ ueaw XIN-909/19V4 abuey ueaw X IN-909/10V4 8| Fewo se 3 Lom o E=} = I £ S 5 :IJ M ©
m o H £ z S0 0 B 2 o
2| a0 '€ ° W0 = - = 5 = O
= g ] Loro &« W S L Z ® @2
2 pwoo¥= 2 Foeo o o o % _m 5 w. IS
Fro &= = bio 38 [ s B [lo3 B& 2 lao 3= | = Feeo o« no.Z .09 - .
Len « o s R = - 2 = = = 1S
Lezo 2 Lieo ~ [0} (7] [®]
Lo o - Feo Qo Loo — o z H e o5 <= o g £
2 Qo [0 - o #50 | foo =2 | Foeo o s 5900853 o & O
Lao g2 Fezo oo [es x<e waw oC + leo s + o0 2« 3 w 25 c Z < ] <
[@ == rheo &« Feso « o T L [reo == x Z £ E 9 P_u = 5
Fo &« Fizo <o o &l o ms | & Feeo &= < M 525 28 m o o
L wo Fozo &2 r bl s s L =< =
Fzo &2 1 e e Feo w o gl ro w3 |E [ o r 28200 2 o =
[l == beto s < Lo oo g g e O o= vwg X S F 3
Folo g e L0 w o ° Ellep g= g Foo © < = [l a
0 810 &< [10 e = < 620 ® m oY= L O m T O
= [ == [e &= = - e 2 os | B [ -° n .0
B0 &2 Lo w o oo DS El o Ry | E Feo R < % 22 xg 5 5 2
bo =e |y DI g fzezi B g
F810 @ o Lao g2 Lo oo B F920 § « o © 8 hH T 5
F90 82 Loy oo o 2z b e Fao &~ < 0+ 9 O .A_m m. o m
. Log oo Lo 8o 90 © o 8 T T T T L ecaoagO a N g
re 8= Lus 2o .o [0 2= 8 SREKERTTTTIaRRgY SZ ORERERTOTTTEIORERS £z 085 3z20° — 00
Lyo g o Loy ©o w8 e  rw0 2o s X xz o Y £ W () © %] o
f— J— s 3 . g [0 = 2 19%56 yim auyeseq woy 19 %S6 UMM aUIjaseq wouy L= 2 5 £ 50 2
Blloo s |8 oo = - £ buo oo [ 9BUER WA XUN0091LOV aBueyd Ueaw XIN-009/LOVA = 09T g c = ¥
Fho o g g =2 L
S| Lao ge 2 Fro = - £ rwo e= R % ° G X w N} @ v 5
K R wo o I, g| oo S 8 O 0 8w o < 2
s ] [ro e« 2| fuo g e - i) =
Bl woowe 2 Fro o« s N [ = Sw® o oL 2
= = - al luo $= o| [0 2« E >0 5 9= S S o
2| Lo 2w a [ro =« = E oL w g Ly o 5
z z Fr0 2o~ | L © o L = = o =
Ed Ed 6 2K 980 N o ey © © 7, ©
L 3 = 4 ©
+ R + [ = 4 4] b == wace a2 £ ¢ &
= L . Lao e« F80 28 L . U 0 5 + 5 a8
= e oEs Fuo =« z o e 5 Lo o 2o 7 g nmv 5 8 €
=2 Ello as | & Lo =« Slre 88 S| [¥ = S & T s g o 5
g L L Feo =< 2l lo z% gl 2T sEFE28 2% 5 e S
. £ | Fo BF £ leg @« 4 g [wo =~ O L vOA O <cuy o c >
= S 8 8 - 2| L g% 2| Foeo e~ [7] 4 = =
< H 2lteo 83 |2 Fo e o | e s T Lo mw S8 =20 %w 2 > 0 3
I 2 =< = Lo 2w = = e = - o € © = £ & = u {0
2 Zltn oz |E leg 5 = gl e RS Z| loo 2 G 5 = 8 b 8 g
< £ = = g 5 leo e boo & 203Q ot L c
P4 5 + Feo =3 + [P &< 3 + = e + Lozo & e c L o ¢ 6 c ¢
s £ Fo e 2 Lo kr — feo s O v o g g g ®
z < o RE e |~ S s s | LA s N € c v v Q Q0 o
= T T T 1T ™ N - O« oo w ® N - O = oo w e
S| SriTITIIT. ee SIITITIIT <s B EEREENFF wogrE B E o £ g
e E 2 3 - g 90 4 5 u
m .mvn 19 %S6 UIM Buljaseq woJj =2 19 %S6 Y3M suljaseq woiy =% 2 m_o %56 LIM auljaseq ol m_o %56 LM auljaseq wol w m m m W ..m 2 % \WI
- o - o - abueyd ueaw - abueyd uesw B w =
m M abueyd ueaw XIN-D09/LOVH abueyd ueaw XIN-909/LIVA Q . XIN-909110v4 4 XIN-909/LOV4 (U] % m- o m % \m) mu MVM
= = 2 E= o c ¢
& = L<ao0oF a & 2 5




¢ | WILEY

SANCHORAWALA ET AL.

(A) Total score

30

E_
§85
7S 6
B I A S S e S
2c3
g8E
SEZ -
E’l’gw
£Ewva- ‘ —=— ARMA (xazomib + Dex) —— ARM B(physic\anschome}‘
3 -u
s s S s O Y A Sy S A L N S
8 83 885882 F 8 2 L e 2285 8 R F
© © © © © © © © o (&) o o o o o o o o o o O o o
ARMA 78 78 71 68 61 51 46 42 45 42 41 40 38 35 33 3 3 30 26 26 24 23 2
ARMB 71 69 63 49 44 36 30 25 21 18 16 16 14 13 9 10 10 10 10 10 8
2
13 25
§eo 2
n.ma\‘"g
E2Q %
7S
2S% | =
D o = -3
oS5 7
BocL g
S EG-15
o &9
EsS 2 ‘ —=— ARMA (Ixazomib + Dex) —®— ARM B (physician’s cholce}‘
° 3
-35 I A L A S A A A L L L A A D A A L T A L N e
CENRRRRIB 8 eRB8S R eS8 ENREBRER8S
3333383333388 833333333338888888888Q
ARMA 21222020 18 151817 1717151213 131212 11 9 111010 8 8 8 8 7 5 5 5 5 4 3 2 1 1 54
ARMB 7 6 6 6 6 4 4 4 4 4 43 22 2211100000000O0O0O0O0O0O0O0O0 D066

(C) Shortness of breath
12

g 10
£8s ¢
2 o2
E 5% 4
7S 2
25% ¢
8502
S8E
2585
EsSs ‘ —m— ARMA (Ixazomib + Dex) —@— ARM B (physician's choice) ‘
@ 10
R 71T T T 1 1 1 T 1 T T T [ T T T T T T T 1T
9 8 3 8 85882 F 8 2 3w er=2 29593 §
© © © © © © © © o [S] o o o o o o o o o o o o o
ARMA 78 78 71 68 61 51 46 42 45 42 41 40 38 35 W 3N 3 30 26 26 24 23 2
ARMB 71 69 63 49 44 36 30 25 21 18 16 1 14 13 9 10 1 1 10 9 10 9 8
12
e 10
§8s 8
o3 6
E2Q 4
aSc 2
25% o 3
SS 02
SSE,
2550
o9
EsSs —m— ARMA (Ixazomib + Dex) —@— ARM B (physician's choice)
@ 10
-12 I L A L A N A A L A L N A D N A L T A L e R e L
CEEREIBRISIBEEERRIIIIILLZIRIIBABIBRIER®RE
8808383833338 33833833333333338888888888¢
ARMA 2122 2020 19 16 17 17 177 1771513 14 13121211101 9 10 8 8 8 8 7 5 5 5 5 4 3 2 1 1 53
ARMB 7 6 6 6 6 4 4 4 4 4 4 3 2 2 2 2 110000000O0O0OO0O0O0O0O0O0G®65

(B) Swelling
12
g 10
g8s ¢
8% 4
£23
F52 2
2GE o
2=3.
532"
seEGH
o $-6
ExsS8s ‘ —=— ARMA (xazomib + Dex) —— ARMB(physmanschoice}‘
a 1
L s S N s S S Sy Sy S ) Y L A S
883 3 8 85882 59 9 e e 229 58 g g
© © © © © © © © o o o o o o o o o o o o o o o
ARMA 78 78 71 68 61 51 46 42 45 42 41 40 3B 3B 33 30 31 30 26 26 24 23 20
ARMB 71 69 63 49 44 3 30 25 21 18 1 16 14 13 9 1 10 1 10 9 10 ¢ 8
2
g 10
£8s¢
o =
£5% 4
£Ee3
FSE 2
LGE g 5
2 o=
85322
282
SseEG
B
E'58 8- | —=— ARMA(xazomib+ Dex) —e— ARMB (physician's choice)
a0
-12 I A L A S A A A L L L A A D A A L R A
R E R RN A R R R R
3333383833333 88833333333338888888888Q3
ARMA 21222020 19 16 17 17 17 171513 14 13121211 9 11 910 8 8 8 8 7 5 5 5 5 4 3 2 1 1 63
ARMB 7 6 6 6 6 4 4 4 4 4432222 1110000000000000000E5
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FIGURE 3 Mean changes from baseline in amyloidosis symptom questionnaire scores over time. Cl = confidence interval; ASQ = amyloidosis
symptom questionnaire. The ASQ consists of three items, each rated on an 11-point numerical scale of symptom severity from O (least severe) to
10 (most severe). Total score is the sum of all item scores, ranging from O to 30.

at multiple treatment cycles. This finding suggests that treatment with
ixazomib-dexamethasone enabled patients to at least maintain their
energy levels and carry on with their daily activities. Baseline FACT/
GOG-Ntx and ASQ scores revealed low symptom burden, leaving little
room for improvement. Nonetheless, on the FACT/GOG-Ntx, small
but significant improvements in neurotoxicity and sensory summary
scores, as well as seven individual items, were observed in favor of
ixazomib-dexamethasone relative to PC. It is possible that these mea-
sures may not be sufficiently sensitive to detect symptom burden or
true decrements in underlying disease in patients with relapsed/
refractory AL amyloidosis.

A prior analysis of PROs from the phase 3 ANDROMEDA trial evalu-
ating daratumumab, bortezomib, cyclophosphamide, and dexamethasone
(D-VCd) versus VCd alone with newly diagnosed AL amyloidosis found
that patients with clinical improvement following systemic therapy for AL
amyloidosis experience small but meaningful improvements in HRQOL
and symptoms.'* During treatment, score changes from baseline in PRO
measures including the SF-36, EQ-5D, and EORTC QLQ-C30, albeit small
in magnitude, generally favored D-VCd over VCd alone.* Patients trea-

ted with D-VCd experienced more meaningful improvements in HRQOL

and symptoms and a shorter median time to improvement, particularly
for EORTC QLQ-C30 Global Health Status, than patients treated with
VCd alone.

Results for the ANDROMEDA population with newly diagnosed
AL amyloidosis are not directly comparable with those from our study
conducted with a relapsed/refractory population with lower disease
burden. In particular, mean baseline SF-36v2 PCS and MCS scores
were somewhat higher for our population than for the ANDROMEDA
population (PCS: 40.2 for the D-VCd arm and 41.8 for the VCd arm;
MCS: 47.0 and 46.2, respectively), although both AL amyloidosis
populations still scored lower than the population norm. Patients with
relapsed AL amyloidosis receiving second-line therapy typically tend
to have better functional status than newly diagnosed patients. This
may be because patients receiving second-line therapy responded to
and experienced symptomatic improvements with first-line therapy.
Patients receiving second-line therapy also commonly begin treatment
upon biochemical relapse, before there is organ deterioration. Thus,
the sensitivity to detect HRQOL changes in patients receiving
second-line therapy is likely modest. Nevertheless, results of both

the current study in a relapsed or refractory population and the
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ANDROMEDA study in a newly diagnosed population support that
HRQOL and symptom burden are stable to modestly improved while
on treatment for AL amyloidosis. Prior research has shown that treat-
ment of AL amyloidosis with high-dose melphalan or stem cell trans-
plantation produces measurable and sustained improvements in
HRQOL, particularly in those patients who achieve hematologic com-
plete response.’® The current analysis provides insight into the
HRQOL impact of regimens other than stem cell transplantation for
patients with relapsed AL amyloidosis.

As with many rare diseases, no validated disease-specific PRO
measure exists to evaluate amyloidosis-specific symptom burden. The
challenges of developing and using PRO measures to capture the
experiences of patients with rare diseases are well-documented.**>*¢
Based on preliminary qualitative evidence, the study-specific ASQ
employed in this study to evaluate amyloidosis symptom burden was
well-received by patients,'? but may not be sensitive enough to pick
up symptom burden level and change in relapsed/refractory patients,
particularly among a population in which treatment response was not
evaluated. Additional research is needed to further establish the con-
tent validity of the measure and evaluate its measurement properties
and further applications in clinical research. In addition, no minimally
important differences specific to AL amyloidosis have been estab-
lished for any of the measures used in this analysis. Future research
should define minimally important differences to aid in interpreting
quality of life analyses in this disease area.

Importantly, these analyses did not explore whether patients' clinical
characteristics, treatment experiences, or response to therapy were sig-
nificantly associated with HRQOL outcomes and symptom burden.
Baseline characteristics such as performance status may have influenced
the treating physician's chosen chemotherapy regimen and dosing
among patients in the PC arm, and PC regimen in turn may have had an
effect on patients' HRQOL and symptom burden during treatment. In
addition, these analyses did not explore whether organ response and
hematologic response were associated with significant improvements in
HRQOL and symptom burden, nor was any potential effect of prior
treatment regimens on these outcomes analyzed. Evaluating the degree
to which prior treatment history and hematologic and organ response in
the AL amyloidosis population contribute to significant improvements in
HRQOL are all important directions for future research.

Limitations of this analysis are acknowledged. Owing to the
open-label study design, results should be interpreted with caution. In
addition, the statistical tests performed as part of this PRO analysis
were not corrected for multiple comparisons; hence, any conclusions
based on observed statistical significance between the treatment arms
should be made with caution. The measurement properties of the
ASQ have not yet been validated; thus, there is uncertainty about
whether the measure fully captures relevant symptom changes for
this patient population.

In conclusion, patients with relapsed/refractory AL amyloidosis
who were treated with ixazomib-dexamethasone experienced HRQOL
and symptom impacts that were similar to or trended better than
patients treated with PC. These data suggest that treatment with
ixazomib-dexamethasone, although given for a substantially longer

e WiLey L

treatment duration than PC, does not have a negative impact on
HRQOL in patients with relapsed/refractory AL amyloidosis, a popula-

tion with no approved treatment options.
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