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Purpose: The purpose of this secondary data analysis was to examine the association between hematologic response and health- 
related quality of life (HRQoL) among patients with light-chain (AL) amyloidosis.
Patients and Methods: Data for this secondary analysis were collected through a non-interventional, longitudinal, online self-report 
survey of patients with AL amyloidosis. Patients completed an initial online survey, with follow-up surveys administered 1, 6, 12, 18, 
and 24 months after completion of the initial survey. The online survey included an assessment of patients’ most recent self-reported 
hematologic response status. Eight domains and 2 summary components of HRQoL were evaluated with the SF-36v2® Health Survey. 
A series of logistic regression models were used to examine the association between self-reported hematologic response at 24 months 
(dichotomized as new or maintained complete hematologic response; less than a complete response) and change in HRQoL from 
baseline to 24 months (dichotomized as meaningful worsening; improvement or preservation).
Results: For all measured domains of HRQoL except physical functioning, there was no statistically significant relationship between 
meaningful worsening in HRQoL and hematologic response status at 24 months. Patients without a complete hematologic response 
had an odds of experiencing meaningful worsening of HRQoL that was similar to that of patients with a complete hematologic 
response.
Conclusion: Among patients with AL amyloidosis, change in HRQoL was generally not associated with hematologic response. 
Achieving a complete hematologic response does not necessarily mean that a patient will experience increased or stable HRQoL. 
When defining treatment success, it is important to recognize that clinical markers such as hematologic response may not fully 
encapsulate the patient experience.
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Introduction
Light-chain (AL) amyloidosis is a rare disease caused by misfolded protein deposits composed of monoclonal immu
noglobulin light-chain fibrils, which are secreted by plasma cells. These amyloid deposits, as well as circulating toxic 
free light-chains, cause long-term tissue and organ damage, ultimately resulting in death.

Current therapies for AL amyloidosis include stem cell transplant and plasma cell-targeted therapy such as daratu
mumab and cyclophosphamide, bortezomib, and dexamethasone (CyBorD), or other chemotherapy and steroid combina
tion regimens.1,2 The goal of plasma-cell targeted therapy is the achievement of a complete hematologic response, 
followed by organ response.3,4 A complete hematologic response is defined as no evidence of monoclonal protein (from 
serum and urine immunofixation) and a normal free light-chain ratio.5 Little is known about what achieving a complete 
hematologic response, or not achieving a response, means from the perspective of the patient. The goal of the analysis 
described here was to examine the association between hematologic response and health-related quality of life (HRQoL), 
to examine the degree to which this commonly used clinical marker captures the patient experience.
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Materials and Methods
Data for this secondary analysis were collected through a non-interventional, longitudinal, online self-report survey of 
patients with AL amyloidosis. Detailed descriptions of the study methods have been published elsewhere.6,7 All study 
materials were approved by the New England Independent Review Board (IRB #15–355). Participants were recruited to 
the study through collaboration with the Amyloidosis Support Groups and the Amyloidosis Foundation. Eligible 
participants — those who were ≥18 years old and reported having been diagnosed with AL amyloidosis by 
a physician – completed an initial online survey, with follow-up surveys administered 1, 6, 12, 18, and 24 months 
after completion of the initial survey. Data collection for the initial survey began in 2015; data collection for the 
24-month follow-up survey completed in 2017.

The analytic sample included all patients who completed both initial and 24-month follow-up assessments and were 
able to self-report their hematologic response at the 24-month follow-up. At each survey administration, participants 
were asked to select from 4 options that best described their most recent hematologic response status, as described by the 
specialist treating their AL amyloidosis. Response options included: no response to treatment; partial hematologic 
response or partial remission; complete hematologic response or complete remission; and I do not know. HRQoL was 
assessed by the SF-36v2® Health Survey (SF-36v2), which is a 36-item, self-report measure of HRQoL in the past 4 
weeks.8 The SF-36v2 produces 8 scale scores (Physical Functioning, Role Limitations due to Physical Health, Bodily 
Pain, General Health, Vitality, Social Functioning, Role Limitations due to Emotional Health, Mental Health) and 2 
component scores that describe overall physical and mental well-being (Physical Component Summary and Mental 
Component Summary, respectively).8 Published evidence supports the content validity9 and other measurement 
properties10 of the SF-36v2 in patients with AL amyloidosis, indicating that it is relevant and understandable to this 
patient population and meets standards for psychometric properties such as reliability, convergent validity, known-groups 
validity, and responsiveness.

A series of logistic regression models were used to examine the association between hematologic response and 
HRQoL. The dichotomous independent variable represented hematologic response at the 24-month assessment (new or 
maintained complete hematologic response; less than a complete response), and the dichotomous dependent variable 
represented whether the patient had experienced meaningful worsening in HRQoL, as defined by scale-specific responder 
definition thresholds (meaningful worsening; improvement or preservation).8 One model was built for each of the 8 
scales and 2 summary component scores of the SF-36v2. Each model included 4 covariates: patient age, cardiac 
involvement, history of stem cell transplant, and time since diagnosis. The odds ratios estimating the association between 
hematologic response and meaningful worsening of HRQoL are interpreted as the odds of experiencing a meaningful 
worsening of HRQoL between the initial and 24-month assessment among patients without a complete hematologic 
response (no treatment response or less than a complete response) versus those with a complete response (either newly 
reported or maintained since the initial assessment).

Results
Details regarding the creation of the analytic sample (N = 175) are provided in Figure 1A; demographic and clinical 
characteristics of the sample are provided in Table 1. At the initial assessment, patients were, on average, 60.5 years old, 
and had been diagnosed with AL amyloidosis 4.6 years ago. Approximately half of the sample had cardiac involvement 
(49.1%); 44% had 3 or more organs affected by the disease. At month 24, 107 patients had a newly achieved or 
maintained complete hematologic response, while the remaining 68 patients had less than a complete response. As shown 
in Figure 1B, most of the patients who were categorized as having a complete response at month 24 also had a complete 
response at the initial survey (ie maintained complete response; N = 78), though some patients moved from having 
a partial response at baseline to a complete response by month 24 (ie newly reported complete response; N = 23). Six 
patients did not know their hematologic response at the initial survey but reported a complete response at month 24. 
Characteristics such as patient age, time since diagnosis, cardiac involvement, and number of treatment series received 
(at initial assessment) were similar across groups defined by hematologic response.
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Odds ratios estimating the association between hematologic response and meaningful worsening of HRQoL are 
depicted in Figure 2 along with 95% confidence intervals (CIs) and p-values. Patients without a complete hematologic 
response had a 2.24 greater odds of experiencing meaningful worsening on the Physical Functioning scale than patients 

Figure 1 Flowchart of Participant Disposition. (A) Derivation of the analytic sample based on completion of initial and 24-month follow-up surveys. (B) Hematologic 
response to treatment at month 24, stratified according to self-reported hematologic response to treatment at the initial survey.

Table 1 Demographic and Clinical Characteristics of Analytic Sample by Patient-Reported Hematologic Response at 24-Month 
Assessment

Total Sample 
(N=175)

Hematologic Response (HR) at 24-Month Assessment

No Treatment Response 
or Less than Complete HR  

(N=68)

Newly Reported or 
Maintained Complete HR  

(N=107)

Mean (SD) Mean (SD) Mean (SD)

Age at initial assessment (years) 60.5 (8.8) 60.6 (8.5) 60.5 (9.1)
Time since diagnosis at initial assessment (years) 4.6 (4.0) 4.6 (4.3) 4.6 (3.8)

N (%) N (%) N (%)

Gendera

Male 82 (46.9%) 36 (52.9%) 46 (43.0%)
Female 92 (52.6%) 32 (47.1%) 60 (56.1%)

Raceb

Caucasian or White 160 (91.4%) 63 (92.7%) 97 (90.7%)
African American or Black 6 (3.4%) 2 (2.9%) 4 (3.7%)

Asian or Pacific Islander 2 (1.1%) 1 (1.5%) 1 (0.9%)

Hispanic, Spanish, or Latino 1 (0.6%) 0 (0.0%) 1 (0.9%)
Other, or do not wish to respond 6 (3.4%) 2 (2.9%) 4 (3.7%)

Educational Attainmenta

≤ High school diploma, General Education Development, 
or equivalent

11 (6.7%) 4 (6.3%) 7 (6.9%)

Some college but no degree 32 (19.4%) 12 (18.8%) 20 (18.7%)

(Continued)
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with a complete hematologic response (p = 0.047, 95% CI: 1.01–4.94). Patients without a complete hematologic response 
had a 2.25 greater odds of experiencing meaningful worsening on the General Health scale than patients with a complete 
hematologic response, though this effect estimate did not reach statistical significance (p = 0.056, 95% CI: 0.98–5.16). 
For the remainder of the SF-36v2 scales and component scores, there was no statistically significant relationship between 
meaningful worsening in HRQoL and hematologic response status. Patients without a complete hematologic response 
had an odds of experiencing meaningful worsening of HRQoL that was equal to that of patients with a complete 
hematologic response. For example, patients without a complete hematologic response only had a 1.59 greater odds of 

Table 1 (Continued). 

Total Sample 
(N=175)

Hematologic Response (HR) at 24-Month Assessment

No Treatment Response 
or Less than Complete HR  

(N=68)

Newly Reported or 
Maintained Complete HR  

(N=107)

Associate’s degree or Technical Certificate 19 (11.5%) 10 (15.6%) 9 (19.8%)

Bachelor’s degree (B.A., B.S.) 55 (33.3%) 19 (29.7%) 36 (35.6%)

Graduate degree 48 (29.1%) 19 (29.7%) 29 (28.7%)
Time from Symptom Onset to Diagnosis

Less than 6 months 43 (24.6%) 20 (29.4%) 23 (21.5%)

Between 6 months and 1 year 50 (28.6%) 19 (27.9%) 31 (29.0%)
Between 1 and 2 years 43 (24.6%) 13 (19.1%) 30 (28.0%)

Between 2 and 3 years 14 (8.0%) 4 (5.9%) 10 (9.4%)

More than 3 years 25 (14.3%) 12 (17.6%) 13 (12.2%)
Number of organs involved (at initial assessment)

One 48 (27.4%) 10 (14.7%) 38 (35.5%)

Two 50 (28.6%) 23 (33.8%) 27 (25.2%)
Three or more 77 (44.0%) 35 (51.5%) 42 (39.3%)

Organ/System Involvement (at initial assessment)b

Heart 86 (49.1%) 35 (51.5%) 51 (47.7%)
Kidney 114 (65.1%) 42 (61.8%) 72 (67.3%)

Liver 25 (14.3%) 11 (16.2%) 14 (13.1%)

Nerves 67 (38.3%) 35 (51.5%) 32 (29.9%)
Gastrointestinal 79 (45.1%) 38 (55.9%) 41 (38.3%)

Other 58 (33.1%) 24 (35.3%) 34 (31.8%)

Number of treatment series received (at initial 
assessment)

Has not received a treatment 5 (2.9%) 3 (4.4%) 2 (1.9%)

One 35 (20.0%) 13 (19.1%) 22 (20.6%)
Two 36 (20.6%) 13 (19.1%) 23 (21.5%)

Three 34 (19.4%) 12 (17.7%) 22 (20.6%)

Four 13 (7.4%) 6 (8.8%) 7 (6.5%)
Five or more 52 (29.7%) 21 (30.9%) 31 (29.0%)

History of stem cell transplantation (at initial 
assessment)

105 (60.0%) 41 (60.3%) 64 (59.8%)

Most recent hematologic response status (at initial 
assessment)

No response to treatment 2 (1.1%) 2 (2.9%) 0 (0.0%)
Partial hematologic response or partial remission 66 (37.7%) 43 (63.2%) 23 (21.5%)

Complete hematologic response or complete remission 93 (53.1%) 15 (22.1%) 78 (72.9%)

I do not know 14 (8.0%) 8 (11.8%) 6 (5.6%)

Notes: aMissing item-level responses; percentages based on available data. bMultiple response options allowed; percentages sum to >100%. 
Abbreviations: HR, hematologic response; SD, standard deviation.
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experiencing meaningful worsening on role limitations due to physical health (Role Physical scale); this estimate was not 
statistically significant (p = 0.210, 95% CI: 0.77–3.27). Likewise, patients without a complete hematologic response only 
had a 1.38 greater odds of experiencing meaningful worsening on the Vitality scale than patients with a complete 
hematologic response; this estimate was not statistically significant (p = 0.468, 95% CI: 0.58–3.29).

Discussion
The results of this analysis indicate that the odds of decline in HRQoL are not well-associated with hematologic 
response; achieving a complete hematologic response does not confer greater protection from the possibility of 
experiencing declines in HRQoL. These results help contextualize the potential limitations to defining treatment success 
based only on hematologic markers, as they may not adequately reflect the entirety of the patient’s health and well-being.

In developing new treatments for AL amyloidosis, selection of outcomes to best evaluate treatment success is 
critical. Outcomes measured in prior clinical trials to evaluate efficacy of treatments for AL amyloidosis have included 
survival, organ response, hematologic response, and HRQoL.11 Results of the analyses presented here indicate that 
while those who do not achieve a complete hematologic response are at greatest risk of experiencing meaningful 
declines in physical functioning, they are not at a greater risk of experiencing meaningful declines in other aspects of 
HRQoL, as compared to those who do achieve a complete response. Because HRQoL is a multifaceted outcome that 
incorporates several different concepts, a full understanding of the patient experience should not focus on a single 
domain. Thus, the finding related to an association between hematological response and declines in physical 
functioning must be considered in conjunction with findings for the other 7 domains of HRQoL measured by the 
SF-36v2. Specifically, those who do achieve a complete response are at equal risk of experiencing declines in other 

Figure 2 Association Between Clinically Meaningful Worsening of Health-Related Quality of Life During 24 Months of Observation and Patient-Reported Hematologic 
Response Status. Logistic models controlled for age, cardiac involvement, history of stem cell transplant, and duration of disease (ie, time since diagnosis). Odds ratios are 
interpreted as the odds of clinically meaningful worsening between the initial and 24-month assessment among patients without complete hematologic response (no 
treatment response or less than a complete response) versus those with newly reported or maintained complete response. 
Abbreviations: CI, confidence interval; HR, hematologic response; HRQoL, health-related quality of life; OR, odds ratio; SF-36v2, SF-36v2® Health Survey SF-36v2 scales, 
in order of appearance; PF, Physical Functioning; RP, Role-Physical; BP, Bodily Pain; GH, General Health; VT, Vitality; SF, Social Functioning; RE, Role-Emotional; MH, Mental 
Health; PCS, Physical Component Summary; MCS, Mental Component Summary.
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areas of HRQoL as compared to those who do not achieve a complete response. These domains include Role 
Limitations (due to both physical and emotional problems), Bodily Pain, Vitality, Social Functioning, and Mental 
Health, and have been identified previously as being important to patients and impacted by AL amyloidosis.9,12 

Declines in HRQoL despite achieving a complete hematologic response could be caused by a variety of factors, 
including treatment-related toxicity, persisting effects of organ damage/delayed organ response to treatment, or 
concerns about an uncertain or changing future. The influence of such factors suggests that the timescales over 
which different outcomes show improvement are likely not the same, with HRQoL outcomes slower to show 
improvement than clinical outcomes. This may account for differences in published patterns of change among patients 
receiving specific treatments,13–15 and suggests the need for more research on the time course of treatment-related 
changes in HRQoL among patients with AL amyloidosis. For example, in a recent analysis of newly diagnosed 
patients with AL amyloidosis, all patients, regardless of hematologic response status, reported an initial decline in most 
HRQoL outcomes (as measured by the SF-36v2) within 3 months of treatment initiation; however, by month 12, 
patients with a complete response reported improvements in the Physical Functioning, Role Limitations due to 
Physical Health, and Social Functioning domains, and these improvements exceeded the established responder 
definition thresholds for clinically meaningful change by month 24.15 It is possible that HRQoL outcomes are sensitive 
to the timing of treatment and to the overall composition of the sample (eg, time since diagnosis). Thus, findings that at 
first may appear incongruous instead signal important factors that may contribute to different outcomes among 
patients, further highlighting the importance of continued research in this area.

Our study is limited by the use of self-reported hematologic response. However, requiring clinician confirmation or 
input would likely have reduced the study’s initial sample size and contributed to attrition at follow-up. Participants were 
able to indicate that they did not know their hematologic response rather than being forced to provide an answer; those 
who did not know their status at month 24 were excluded from the analysis. In the analysis, a dichotomous variable was 
created, collapsing across those who had not responded at all to treatment and those who had a very good, but not 
complete, response. Though this created a heterogeneous group, it was determined to be the best strategy given the 
available sample size. Our study cohort likely represents healthier long-term survivors and may underrepresent the extent 
of decline in HRQoL experienced by patients who do not respond to treatment.

In the future, additional research might seek to examine the association between change in HRQoL and organ-specific 
response, which was outside the scope of the current analysis. Such analyses might clarify whether delays in achieving 
organ response contributed to the risk of decline observed among patients who had achieved a complete response. Given 
that most patients with a complete hematologic response had maintained this response for 24 months, however, other 
possibilities should also be explored. While this study presents findings related to a relatively heterogeneous sample of 
patients who were at different stages in their treatment journey, future work may also examine patterns among specific 
subgroups of patients defined by treatment history.

These findings are of importance as they indicate that while treatment may have been deemed successful from 
a hematologic perspective, even patients who have achieved a complete response may still be at risk for declines 
in HRQoL and require additional therapeutic intervention and support. In seeking to identify treatment-related 
change, it is important to consider whether the typical duration of a clinical trial is too short to assess meaningful 
change in certain domains of HRQoL that are more distal to the treatment’s direct effects. These findings can also 
inform selection of endpoints for clinical trials and serve as a reminder that a single clinical outcome is unlikely to 
fully capture the complexities or nuances of the patient-reported experience. As such, the definition of “treatment 
success” should incorporate measures of HRQoL to evaluate aspects of the disease experience that are important 
to patients that may not be reflected in clinical disease markers such as hematologic status.

Conclusion
The findings from this analysis call attention to the importance of measuring HRQoL among patients with AL 
amyloidosis, even among patients who have achieved complete hematologic response. The findings also illustrate the 
importance of evaluating outcomes from a variety of perspectives, including that of the patient.
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Abbreviations
AL, amyloidosis, light-chain amyloidosis; CI, confidence interval; HRQoL, health-related quality of life; SF-36v2, SF- 
36v2® Health Survey.
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