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Light-chain (AL) amyloidosis is a plasma cell dyscrasia, char-
acterized by amyloid deposits derived from immunoglobulin
light chains in tissues and vital organs (Falk et al, 1997).
Although rare (i.e., 8-12 cases per million person-years; Kyle
et al, 1992; Pinney et al, 2013), AL amyloidosis is associated
with significant, irreversible organ dysfunction and high rates
of severe morbidity and mortality in affected individuals
(Kyle & Gertz, 1995; Merlini et al, 2011). Although the dis-
ease can impact any organ, the kidney and the heart are the
most commonly affected (Falk et al, 1997). Kidney and heart
involvement can lead to critical complications, such as renal
failure, cardiomyopathy, and pericardial and pleural effusions
(Merlini et al, 2011). Disease severity and prognosis are
highly dependent on the extent and types of organ involve-
ment, as well as early diagnosis and treatment (Merlini et al,

2011; Palladini et al, 2014).
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Summary

Light chain (AL) amyloidosis is a rare disease associated with significant, irre-
versible organ dysfunction and high case fatality. An observational study was
conducted to assess health-related quality of life (HRQoL) in patients treated
for AL amyloidosis between 1994 and 2014 with both high dose melphalan
and stem cell transplantation (HDM/SCT) or non-SCT chemotherapy regi-
mens. The SF-36v1® Health Survey (SF-36) was administered to assess
HRQoL during clinic visits. Analysis of variance was used to compare pre-
and post-treatment HRQoL within each treatment group to an age- and gen-
der-adjusted general population (GP) normative sample. Cox proportional
hazard models were fit to examine associations between pre-treatment levels
of HRQoL and mortality within 1 and 5 years after initiating specific treat-
ment regimens (HDM/SCT: n = 402; non-SCT chemotherapy regimens:
n = 172). Among patients who received HDM/SCT, there were significant
improvements following treatment in vitality, social functioning, role-emo-
tional and mental health. Worse pre-treatment SF-36 physical component
scores were associated with a greater risk of mortality in both treatment
groups and follow-up periods (P < 0-005 for both). [Correction added on 20
October 2017, after first online publication: This P value has been corrected].
Using HRQoL assessments in every physician visit or treatment may provide
valuable insights for treating rare conditions like AL amyloidosis.

Keywords: AL amyloidosis, health-related quality of life, SF-36, stem cell
transplantation, mortality.

No therapeutic regimen has been approved for the treat-
ment of AL amyloidosis by either the United States Food
and Drug Administration or the European Medicines
Agency to date. Accordingly, clinicians often rely on thera-
pies adapted from effective treatments for multiple mye-
loma. High dose melphalan and stem cell transplantation
(HDM/SCT), proteasome inhibitors and immunomodula-
tory drugs are commonly used to reduce the production of
amyloidogenic light chains produced by clonal plasma cell
dyscrasia (Palladini et al, 2014; Sanchorawala, 2014). Effec-
tive treatments for AL amyloidosis are associated with
haematological responses, organ responses and improve-
ments in survival; however, treatment decisions are often
complex and tailored to the disease characteristics for a
particular patient (Comenzo et al, 2012). Furthermore, the
risk of treatment-related toxicity may have implications for
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treatment decisions, adherence and health-related quality of
life (HRQoL).

The impact of AL amyloidosis and its treatments on
HRQoL has not been studied extensively. Evidence from
cross-sectional studies in AL amyloidosis shows broad deficits
in functioning and well-being in both treatment-naive
patients and in heterogeneous groups of patients with varied
disease severity and treatment history (Seldin et al, 2004;
Caccialanza et al, 2012; Bayliss et al, 2017). Only one study
has reported on longitudinal assessments of HRQoL and the
results indicated that greater pre- and post-treatment
HRQoL, as measured by the SF-36® Health Survey (SF-36),
is associated with reduced risk of mortality among patients
who received HDM/SCT treatments (Seldin et al, 2004).
Additionally, treatment with HDM/SCT can also lead to
improvements in HRQoL in patients with AL amyloidosis
(Seldin et al, 2004).

Given the functional burden that AL amyloidosis may
place on patients, understanding HRQoL is of great value to
a variety of stakeholders, including healthcare providers, drug
developers, regulatory agencies, payers and, particularly,
patients themselves. Patient-centred treatment approaches
that monitor HRQoL and symptom burden can foster better
communication and treatment decisions between healthcare
providers and their patients. By identifying the specific
aspects of HRQoL that are in the most need for improve-
ment, stakeholders can also better target the development of
future treatments. Furthermore, examining the impact of
treatments on HRQoL in both the short- and long-term may
help to characterize the overall effectiveness of specific treat-
ment regimens.

The purpose of this study was to longitudinally assess
HRQoL in patients with AL amyloidosis. The primary study
objective was to examine the association between baseline
HRQoL of patients with AL amyloidosis and the risk of 1-
and 5-year mortality separately for those who received
HDM/SCT or a standard chemotherapy regimen without
SCT. As a secondary study objective, we compared the func-
tional burden of AL amyloidosis in patients who received
HDM/SCT or a standard chemotherapy without SCT to
norms for functional well-being in a general population.

Methods

Sample/study procedures

The present study is a retrospective data analysis of a cohort
of patients with AL amyloidosis who were evaluated at the
Amyloidosis Center of Boston University School of Medicine
and Boston Medical Center (BMC) between 1994 and 2014
(N = 1822). Basic demographics, disease characteristics and
HRQoL information were documented at an initial evalua-
tion at the centre. Time-varying characteristics were updated
at follow-up clinic visits, if appropriate. Although patients

were encouraged to provide HRQoL information at each
clinic visit, there was no standard schedule for the collection
of HRQoL data at specific study time points. Post-treatment
follow-up assessments for this study were defined as 18-
month follow-up visits. Informed consent for data collection
was obtained according to the Declaration of Helsinki.

To meet the objectives of the current study, several ana-
lytic samples were created. A flowchart depicting the selec-
tion process for each sample is presented in Fig 1. Of the
1822 patients seen at the Amyloidosis Center of Boston
University School of Medicine and BMC between 1994 and
2014, 35% were excluded due to incomplete treatment
records (n = 645). The vast majority of these exclusions
(73%) were for patients who only came to the clinic once for
an initial consultation and did not continue with treatment
and/or follow-up.

First, to conduct analyses that compared pre- and post-
treatment burden among patients with AL amyloidosis to
HRQoL norms for the general population, we included
patients from both treatment groups who had either a pre-
and/or a post-treatment observation of SF-36 data. The pre-
treatment sample included 402 patients who received HDM/
SCT and 172 who received non-SCT chemotherapy regimens.
For the post-treatment sample, we included 230 patients who
received HDM/SCT and 73 who received a non-SCT che-
motherapy regimen. Patients were eligible for the time to event
analysis (HDM/SCT: n = 402; non-SCT chemotherapy regi-
mens: n = 172) if they: (i) were not missing treatment-related
data; (ii) received HDM/SCT or non-SCT chemotherapy regi-
mens after their initial evaluation and (iii) completed an SF-36
assessment within 120 days prior to initiating treatment.

Finally, patients were eligible for the change in HRQoL
analyses (HDM/SCT: n = 162; non-SCT chemotherapy regi-
mens: n = 31) if they: (i) met the eligibility requirements for
the time to event analysis; and (ii) completed at least one
post-treatment SF-36 assessment within 6-18 months follow-
ing treatment initiation.

Study measures

The following demographic and disease characteristics were
used to characterize the sample and were considered as
potential confounders in multivariable analyses: age (contin-
uous); gender (male versus female); race/ethnicity (non-white
versus white); educational attainment [categorical: <high
school diploma, high school diploma or general educational
development.; some college, associate’s degree, or technical
certificate; bachelor’s degree (B.A, B.S); graduate degreel;
marital status (currently married versus other); time since
diagnosis (continuous; number of months from diagnosis to
baseline data collection), type of organ/system involvement
(indicator variables: heart, kidney, liver, nervous system, gas-
trointestinal and soft tissue), number of organs involved (cate-
gorical: one/two, three, four or >five).
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Fig 1. Flowchart for identifying analytic samples. HDM, high dose melphalan; HRQoL, health-related quality of life; SCT, stem cell
transplantation. [Correction added on 20 October 2017, after first online publication: some n values have been corrected or deleted].
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The SF-36v1®, a 36-item generic measure of HRQoL with
a standard 4-week recall, was used as the primary measure of
HRQoL (Maruish, 2011). Item responses were used to derive
scores for the eight scales: physical functioning (PF), role
physical (RP; role limitations due to physical problems),
bodily pain (BP), general health perceptions (GH), vitality
(VT), social functioning (SF), role emotional (RE; role limi-
tations due to emotional problems) and mental health
(MH). These eight scales were, in turn, used to calculate two
scores that summarize the physical and mental aspects of
functioning and well-being [i.e., the physical component
summary (PCS) and the mental component summary
(MCS), respectively]. All scores relied on a norm-based scor-
ing approach, which standardized the distributions of each
scale or summary score to a mean of 50 and a standard devi-
ation of 10 based on data from a nationally representative
sample of US adults (N = 2031) conducted in 1998 (Ware
et al, 2000a,b). For all scales and summary measures, higher
scores represent more favourable functioning. Previously
reported minimal important differences (MIDs) for each of
the eight scales, PCS, and MCS were used to identify differ-
ences that were clinically meaningful (Maruish, 2011).

The outcome for the primary study objective was all-cause
mortality. Deaths were reported by patients’ family or physi-
cian or confirmed using the Social Security Death Index.
Dates and cause of death were recorded in patient records.

Statistical analyses

Patient characteristics were compared by the availability of
pre-treatment SF-36 data and by treatment received. Unad-
justed differences between the subgroups were examined
using chi-square and two sample t-tests for categorical and
continuous variables, respectively. Wilcoxon—-Mann—Whitney
tests were used to test for significant differences in SF-36
scores by subgroups that violated the normality assumption.

Pre- and post-treatment assessments were compared to
general population norms for each SF-36 domain and sum-
mary score among all patients with available data at either
time point (but not requiring data at both time points).
Regression models using each SF-36 domain or summary
score as a dependent variable were used to adjust the distri-
bution of each treatment group to the age and gender distri-
bution of the general population. Analysis of variance was
used to compare the norm-based SF-36 scores for each treat-
ment group to the general population for both the pre-and
post-assessments.

To examine the association between pre-treatment HRQoL
and risk of mortality, we conducted time to event analyses.
Separate analyses were conducted based on short- and long-
term lengths of follow-up time (1 and 5 years, respectively).
Follow-up person-time was calculated as the number of days
between treatment initiation and the recorded date of death
or censoring. Patients were censored at the date of their last
documented clinic visit or the cut-off date for the follow-up

period, whichever occurred first. We artificially censored
patients who were alive and continued follow-up past the 1
and 5 year periods at 365 or 1825 days after treatment initia-
tion, respectively.

Treatment-specific analyses were conducted on patients
who subsequently received HDM/SCT after their initial eval-
uation as well as on patients who subsequently received non-
SCT chemotherapy regimens. Survival functions were plotted
as Kaplan—Meier survival curves stratified by tertiles of PCS
and MCS scores. Differences in the unadjusted survival func-
tions were tested using log-rank tests. Cox proportional haz-
ards regression models were conducted to estimate the
hazard ratios (HR) and 95% confidence intervals (Cls) for
the independent effect of baseline HRQoL on the risk of
mortality. A stepwise selection approach, with the selection
for entry and retention set at 5%, was used for determining
the covariates (e.g., age, sex, time from diagnosis to evalua-
tion, number of organs affected, cardiac involvement, kidney
involvement, gastrointestinal involvement and liver involve-
ment) for the final models. The proportional hazards
assumption was assessed with Schoenfeld residuals and by
testing interaction terms between time and each covariate
found to violate the assumption. Significant interactions
terms were retained in the final model to address evidence of
non-proportionality.

Changes in HRQoL over time were examined using two
approaches. Wilcoxon signed rank sum tests were used to
test for significant differences between pre- and post-treat-
ment SF-36 scores for each treatment group. Post-treatment
assessments were ascertained at 18 months follow-up. Last
observation carried forward was implemented if the patient
completed a post-treatment assessment at least 6 months
after treatment initiation, but did not complete an assess-
ment that would approximate an 18-month follow-up visit.

All analyses were performed using SAS version 9.2 (SAS
Institute Inc, Cary, NC, USA).

Results

Sample characteristics

Among the 1177 patients with treatment records and a treat-
ment start date, approximately 50% completed an SF-36 sur-
vey during the appropriate time interval to serve as a
baseline pre-treatment assessment of HRQoL. Patients who
did not have a pre-treatment assessment were more likely to
be non-white and slightly older than patients who had a pre-
treatment assessment. On average, these patients spent a
greater proportion of their day in bed, had a larger number
of organs affected, had been diagnosed with AL amyloidosis
for a longer period of time before being seen at BMC, and
were less likely to receive HDM/SCT compared to patients
with pre-treatment SF-36 assessments. Sample characteristics
are presented in Table S1 by the availability of pre-treatment
SE-36 surveys.
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Mean age at the time of treatment initiation was 57 and
67 years for the groups of patients who received HDM/SCT
and the non-SCT chemotherapy regimens, respectively
(P < 0-001). Greater proportions of patients who underwent
HDM/SCT were married as compared to patients who
received non-SCT chemotherapy regimens (P < 0-001).
Smaller proportions of patients who received HDM/SCT had
cardiac involvement (45-7% vs. 64-6%, respectively;
P =0-001). A greater proportion of patients who received
HDM/SCT spent a smaller portion of their day in bed
(74:9% vs. 57-9%, P < 0-001), and on average, had fewer
organs affected by AL amyloidosis (P < 0-001). At baseline,
significantly greater unadjusted mean SF-36 scores were

Analysis of HRQoL in Patients With AL Amyloidosis

observed among patients who received HDM/SCT as com-
pared to those who received non-SCT chemotherapy regi-
mens across all aspects of HRQoL with the exception of MH
and MCS (P < 0-05 for all). Demographic and disease char-
acteristics for the primary study sample are reported in
Table I by treatment group.

Pre- and post-treatment SF-36 scores for AL amyloidosis
patients relative to US population norms

Statistically and clinically meaningful decrements in pre-
treatment SF-36 scores were observed among patients who
received a SCT across all domains and summary components

Table I. Comparison of demographics and clinical features of patients in the analytic sample by treatment group (n = 574).

HDM/SCT Non-SCT chemotherapy
(n = 402) (n=172) P-value
Age at treatment initiation, mean years (SD) 572 (9:3) 67-2 (10-5) <0-001
Male, % 60-0 64-5 0-302
Non-white, % 6-7 11-1 0-081
Education 0-101
<High school diploma 35 4.7
High school graduate or GED 19-1 30-2
Some college, Associates degree or Technical Certificate’ 17:5 154
Bachelor’s degree (B.A, B.S) 24-6 255
Graduate degree 353 242
Married, % 84-1 755 <0-001
Time from diagnosis to treatment initiation, mean months (SD) 52 (5-3) 6-2 (14-4) 0-378
Performance status (% time spent in bed) at evaluation, % (n = 389) <0-001
0-25% 749 579
>25% 251 42-1
Number of organs involved, mean (SD) 0-002
1-2 294 20-6
3 274 19-4
4 215 253
>5 217 34.7
Types of organs/systems impacted, % yes
Heart (Cardiac) 45.7 646 0-001
Kidney 82-8 70-9 0-825
Gastrointestinal 279 297 0-663
Liver 24-6 26-7 0-593
Nervous system 30-6 33.7 0-461
Soft tissue 179 256 0-036
SF-36 Domain Scores
Physical functioning 40-2 (12-2) 32:4 (11-5) <0-001
Role physical 38-5 (12-3) 34-2 (10-3) <0-001
Bodily pain 492 (11-4) 45-9 (12:0) 0-003
General health 426 (10-2) 38:6 (10-0) <0-001
Vitality 43.0 (12-0) 38-2 (10-6) <0-001
Social functioning 41-8 (12+4) 373 (13-1) <0-001
Role emotional 43.6 (13-5) 40-8 (14-5) 0-041
Mental health 47-1 (109) 45-8 (11-2) 0-2110
SF-36 Component Summary Scores
Physical Component Summary 41-6 (11-5) 35-3 (10-2) <0-001
Mental Component Summary 45-8 (11-2) 443 (12-1) 0-132
GED, general educational development; HDM, high dose melphalan; SCT, stem cell transplantation; SD, standard deviation.
© 2017 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd., 465
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Fig 2. Deficits in pre-treatment HRQoL among AL amyloidosis
patients relative to the general population. Black bars represent
patients who received high dose melphalan and stem cell transplanta-
tion (n = 402); grey bars represent patients who received chemother-
apy without stem cell transplantation (n = 172). BP, bodily pain;
GH, general health; MCS, mental component summary; MH, mental
health; PCS, physical component summary; PF, physical functioning;
RE, role emotional; RP, role physical; SF, social functioning; VT,
vitality; HRQoL, health-related quality of life. [Correction added on
20 October 2017, after first online publication: The key for * has
been corrected].
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Fig 3. Deficits in post-treatment HRQoL among AL amyloidosis
patients relative to the general population. Black bars represent
patients who received high dose melphalan and stem cell transplanta-
tion (m =230); Grey bars represent patients who received
chemotherapy without stem cell transplantation (n = 73). BP, bodily
pain; GH, general health; MCS, mental component summary; MH,
mental health; PCS, physical component summary; PF, physical
functioning; RE, role emotional; RP, role physical; SF, social func-
tioning; VT, vitality; HRQoL, health-related quality of life.

except the BP scale, relative to the general population
(P < 0-05 for all; Fig 2). Pre-treatment deficits in SF-36 were
observed among patients who received non-SCT chemother-
apy regimens in PF, RP, GH, VT and SF, as well as in PCS
(P < 0-05 for all; Fig 2). Among patients who received non-
SCT chemotherapy regimens, pre-treatment HRQoL deficits
were also clinically meaningful across all SF-36 domains and
summary scores, with the exception of BP and MH.
Although patients who received HDM/SCT continued to
report significant deficits at follow-up for PF, RP, GH and
PCS, improvements in VT, SF, RE, MH and MCS following
treatment led to comparable scores to the general population
(Fig 3). received  non-SCT

Among  patients  who

chemotherapy regimens, the deficits in GH increased over
time; however, deficits in VT and RP scores were no longer
significant following treatment (Fig 3).

Associations between HRQoL and risk of mortality

Mean scores, number of deaths and crude mortality rates are
reported in Table S2 by tertiles of baseline PCS and MCS
scores and treatment group. The unadjusted survival curves
by baseline HRQoL (as measured by tertiles of baseline MCS
and PCS scores) are also plotted for patients who received
HDM/SCT and for patients who received non-SCT
chemotherapy regimens based on 5 years of follow-up
(Fig 4). Based on log rank tests, the differences among these
curves were statistically significant across tertiles of PCS
scores for both 1 and 5 years of follow-up data and in both
treatment groups (P < 0-001 for all). Survival functions did
not significantly differ across tertile MCS scores for either
follow-up period or treatment group.

As shown in Table II, there was an independent inverse
relationship between PCS scores and risk of death for both
treatment groups and follow-up periods after controlling for
potential confounders. For every additional point in baseline
PCS score (i.e., indicating better functioning), there was a 4—
5% reduction in risk of death among patients who received
HDMY/SCT based on 1 and 5 years of follow-up, respectively
(P < 0-001 for both). Alternatively, worse pre-treatment PCS
scores were associated with a greater risk of mortality. MCS,
however, was not significantly associated with mortality
among patients who received HDM/SCT for either follow-up
period. Models for 1 and 5 years of follow-up additionally
controlled for the number of organs affected and an interac-
tion term between the number of organs affected and time
to account for a violation to the proportionality assumption.

When we considered patients who received non-SCT
chemotherapy regimens, we observed significant inverse asso-
ciations between 1-year mortality and both PCS (HR = 091,
95% CI 0-85-0-96) and MCS (HR = 0-98, 95% CI 0-95-0-99)
scores. In the final 1-year model, we controlled for cardiac and
hepatic involvement, and we additionally included an interac-
tion term between time and each covariate to address evidence
of non-proportionality. A significant interaction term between
PCS and time (P < 0-01) was added to address a departure
from the proportional hazards assumption. This interaction
term provided additional information regarding how the rela-
tionship between PCS and mortality varies over the course of a
year. Based on the model coefficients, we determined the
approximate effect of PCS at several points in time. For
instance, the main effect of PCS at baseline (week zero) was
approximately a 9% reduction in mortality risk for each addi-
tional point in PCS score. Ten weeks after treatment initiation,
there was only a 7% reduction in mortality risk for every one
additional point in PCS score; by 26 weeks following treat-
ment initiation, the magnitude of the association was even
smaller (3% reduction in mortality risk). The overall effect

466 © 2017 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
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Fig 4. Kaplan—Meier survival curves for patients by level of HRQoL and treatment group based on 5 years of follow-up. HRQoL, as measured by
the SF-36 physical component scores (PCS) and mental component scores (MCS), is categorized into tertiles where T1 represents the lowest tertile
of scores and T3 represents the highest tertile of scores. Each panel represents the survival function for: (A) patients who received HDM/SCT by
tertiles of PCS (Logrank test, P < 0-001); (B) patients who received HDM/SCT by tertiles of MCS (Logrank test, P = 0-588); (C) patients who
received non-SCT chemotherapy regimens by tertiles of PCS (Logrank test, P < 0-001); (D) patients who received non-SCT chemotherapy regimens
by tertiles of MCS (Logrank test, P = 0-2928). Chemo, chemotherapy; HDM, high dose melphalan; HRQoL, health-related quality of life; SCT, stem
cell transplantation. [Correction added on 20 October 2017, after first online publication: MCS has been changed to PCS in figure label (C)].

estimate for PCS based on 5 years of follow-up data
(HR = 0-95, 95% CI 0-92-0-99) was smaller than the effect
estimate based on 1 year of follow-up data, further indicating
that the effect may not be constant over time.

Changes in HRQoL

Significant improvements in HRQoL were found among
patients who received HDM/SCT, as measured by significant
mean differences in pre- and post-treatment PF, RP, BP, VT,
SF, RE, MH and MCS scores (P < 0-05 for all; Table III). In
contrast, no significant improvements in HRQoL scores were
observed among patients who received non-SCT chemother-
apy regimens; however, a significant reduction in GH (40-0
vs. 34-1, P < 0-001) occurred among these patients following
treatment (Table III).

The significant differences in mean scores represent the
averages observed in each treatment group and may not

© 2017 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.,
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reflect patterns of individual-level change or changes within
specific subgroups. To further explore the different nuances
of changes in HRQoL, the overall percentages of patients
who improved or worsened in each scale or summary score
based on established MIDs for each treatment group are also
reported in Table III. Among patients who received SCT/
HDM, we observed greater proportions of patients who clini-
cally improved than worsened across all aspects of HRQoL.
For instance, nearly 4 times as many patients reported
improvement in VT (45-1%) as compared to those who
reportedly worsened (11-7%). The proportion of SCT/HDM
patients who worsened in physical aspects of HRQoL ranged
from 17-3 (RP) to 21-0 (GH). Few patients who received
non-SCT chemotherapy regimens reported clinically mean-
ingful improvement in PF and GH (6-5% and 3-2%, respec-
tively). Similarly, notably high proportions of patients who
received non-SCT chemotherapy reported clinical meaningful
worsening for PF (35-5%) and GH (45-2%), as well.
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Table II. Associations between baseline HRQoL and risk of death
post-treatment among patients with AL amyloidosis by follow-up
period and treatment group.

HR (95% CI) P-value
Treatment group: HDM/SCT (n = 402)
Model 1 — 1-year post-treatment follow-up*
PCS 0-95 (0-93, 0-98) <0-001
Model 2 — 5-year post-treatment follow-up*
PCS 0-96 (0-94, 0-98) <0-001
Treatment group: non-SCT Chemotherapy(n = 172)
Model 1 — 1-year post-treatment follow-up¥
PCS 0-91 (0-85, 0-96) 0-001
MCS 0-98 (0-95, 0-99) 0-028
Model 2 — 5-year post-treatment follow-up¥
PCS 0-95 (0-92, 0-99) 0-005

CI, confidence interval; HDM, high dose melphalan; HR, hazard
ratio; MCS, mental component summary; PCS, physical component
summary; SCT, stem cell transplantation.

*Adjusted for number of organs affected and an interaction term for
number of organs affected x time.

tAdjusted for cardiac involvement, hepatic involvement, and the fol-
lowing interactions terms: cardiac involvement x time, hepatic
involvement x time, and PCS x time.

Discussion

Overall, AL amyloidosis patients have broad HRQoL deficits
across all areas of physical and mental functioning compared
to the general population. The largest deficits were related to
physical health status. We also observed a significant inverse
association between HRQoL and risk of death following initi-
ation of treatment for AL amyloidosis, namely HDM/SCT
and standard non-SCT chemotherapy regimens. This result
corroborates previous work reported by Seldin et al (2004)
and further establishes the existence of pre-treatment levels
of HRQoL, particularly physical health status, as a significant
prognostic factor in patients with AL amyloidosis. These
findings add to the body of evidence that supports the prog-
nostic role of HRQoL, as measured by the SF-36, in survival
for a variety of health conditions, including a wide range of
cancers (Karvonen-Gutierrez et al, 2008; Grande et al, 2009).
Additionally, our evidence suggests that this inverse associa-
tion between physical aspects of HRQoL and risk of mortal-
ity may be strongest during short-term follow-up (i.e., within
1 year) in patients undergoing non-SCT chemotherapy.

Our longitudinal analyses of HRQoL extend existing
research by examining HRQoL in patients who received dif-
ferent types of treatment for AL amyloidosis. These results
indicate that changes in HRQoL may vary by treatment type
over time. Among patients who received HDM/SCT, signifi-
cant improvements in many aspects of HRQoL were
observed following treatment that led to levels of functioning
and well-being scores that were comparable to the general
population, particularly in aspects related to mental health
status. Smaller improvements or non-significant changes

were observed among patients who received non-SCT
chemotherapy regimens, indicating the need to better address
both physical and mental HRQoL concerns within patients
receiving this treatment regimen.

The availability of HRQoL data and medical records from
this centre of excellence provided a unique opportunity to
longitudinally examine HRQoL in AL amyloidosis. More
specifically, these data allowed us to assess HRQoL as a
potential prognostic factor for mortality risk and to examine
change over time within different treatment regimens. To
our knowledge, this is the only centre of excellence that has
routinely collected HRQoL in AL amyloidosis patients for
over 20 years. For a rare disease, this dataset provided a large
sample of newly evaluated patients. Furthermore, these data
provide insight into the real-world experiences of patients
outside the regimented context of randomized controlled tri-
als (RCTs).

As is typical of studies based on data collected in treat-
ment centres that are not part of RCTs, generalizability of
the study results may be limited because the majority of
patients who received a non-SCT chemotherapy regimen did
not have pre-treatment assessments of the SF-36 and most
patients overall did not have multiple assessments of the SF-
36. Our data indicate that patients who did not have a pre-
treatment assessment may represent a group of patients with
a more severe condition, in terms of longer duration of dis-
ease, worse physician-reported performance status and eligi-
bility for HDM/SCT.

In addition, given the retrospective nature of the study
design, our analyses were contingent on what data were
available. For instance, the lack of scheduled time points for
follow-up data collection further limited the sample sizes as
well as the feasibility for certain analyses. To conserve data,
we allowed follow-up assessments of HRQoL to occur during
a fairly wide time interval (i.e., 6-18 months). This specific
interval may not be sensitive to severe declines in functioning
that may occur immediately following a treatment or decli-
nes that may resolve over the course of several months fol-
lowing treatment. Consequently, we recommend treatment
centres standardize data collection for HRQoL at both short-
and long-term scheduled time points to improve the avail-
ability of the data. In addition, we were unable to control for
many standard markers for disease severity, such as the Mayo
clinic cardiac biomarker stage or the New York Heart Associ-
ation classifications. Based on previous studies, other mea-
sures of HRQoL, such as fatigue, have been identified as
significant prognostic factors, even after controlling for Mayo
clinic cardiac biomarker stage (Warsame et al, 2017). Fur-
thermore, there is a high correlation between pre-treatment
HRQoL and disease stage measures. Subsequently, it is very
possible that additional information regarding disease staging
would not have affected our results.

In this retrospective analysis of prospectively collected
medical records, patients were not randomized to receive a
particular treatment. These data indicate that patients who

468 © 2017 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.

British Journal of Haematology, 2017, 179, 461-470



Analysis of HRQoL in Patients With AL Amyloidosis

Table III. Mean SF-36 scores among patients by time point and treatment group.

Pre-treatment

Post-treatment

% of patients with a % of patients with clinically

clinically meaningful meaningful improvement at

Mean (SD) Mean (SD) P-value worsening at follow-up follow-up
Treatment group: HDM/SCT (n = 162)
SF-36 Norm-Based Scales
Physical functioning 414 (11.9) 43-1 (12-3) 0-012 19-8 30-9
Role physical 39.6 (12°5) 42:8 (122) 0-003 17:3 39.5
Bodily pain 49.3 (11-1) 51-2 (10-6) 0-029 19-8 34.6
General health 42-8 (10-3) 43-2 (11-0) 0-441 21-0 24-1
Vitality 432 (12:3) 48-9 (11-8) <0-001 117 45.1
Social functioning 43-1 (12-2) 47-6 (10-9) <0-001 13-6 35-8
Role emotional 447 (13-0) 47-7 (11-4) 0-007 19-1 29-6
Mental health 471 (11-3) 50-8 (10-5) <0-001 154 34.6
SF-36 Summary Scores
Physical component summary 423 (11-4) 43-5 (11-7) 0-075 30-3 40-7
Mental component summary 46-3 (11-3) 50-9 (10-6) <0-001 179 469
Treatment group: non-SCT chemotherapy (n = 31)
SF-36 Norm-Based Scales
Physical functioning 35-1 (12-8) 30-1 (12-0) 0-076 35.5 65
Role physical 36-4 (10-4) 400 (12-2) 0-086 19-4 38.7
Bodily pain 47-3 (12-0) 47-2 (11-8) 0-972 290 38-7
General health 40-0 (9-7) 34-1 (9:0) <0-001 452 3.2
Vitality 38:6 (9-8) 389 (11-0) 0-945 16-1 25-8
Social functioning 395 (11-8) 40-5 (12-4) 0-476 19-4 25-8
Role emotional 42-8 (13-7) 45.8 (13-7) 0-342 161 32.3
Mental health 47-2 (11-6) 469 (11-3) 0-906 19-4 25-8
SF-36 Summary Scores
Physical component summary 37-3 (12-5) 34-3 (10-4) 0-128 30-3 22:6
Mental component summary 455 (11-8) 47-9 (12-4) 0-242 179 29-0

HDM, high dose melphalan; SCT, stem cell transplantation; SD, standard deviation.

received HDM/SCT had significantly better pre-treatment
levels of HRQoL as compared to patients who ultimately
received non-SCT chemotherapy regimens. It is possible that
pre-treatment levels of HRQoL may reflect clinical character-
istics that determined subsequent treatment plans. This is
not altogether surprising as patients who are eligible to
receive HDM/SCT generally represent a healthier, lower risk
subgroup (Dispenzieri et al, 2001). Furthermore, the avail-
ability of post-treatment assessments of HRQoL differed by
treatment group. As such, we did not examine the effect of
treatment group on risk of mortality or changes in HRQoL
in any of our analyses. Comparing the magnitude of changes
in HRQoL by treatment regimen from our treatment-specific
models must be done with caution.

Despite these limitations, this is the first study, to our
knowledge, to examine the association of pre-treatment
HRQoL and risk of mortality for patients who received non-
SCT chemotherapy regimens and longitudinal change in
HRQoL for specific treatment regimens. Our findings indi-
cate that pre-treatment levels of HRQoL, particularly related
to physical well-being, may be a significant prognostic factor,
regardless of treatment received. Consequently, incorporating

clinical assessments of HRQoL, such as the SF-36, in clinical
practice may provide valuable insight for clinicians treating
rare conditions like AL amyloidosis. Given the complex rela-
tionships between treatment efficacy, HRQoL, and treatment
adherence, future studies should examine the temporal rela-
tionships between treatment tolerability, changes in HRQOoL,
and health outcomes.
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