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Introduction

Systemic AL amyloidosis is a rare disorder of protein mis-
folding in which extracellular accumulation of insoluble amy-
loid fibrils causes progressive impairment of vital organ func-
tion. Monoclonal immunoglobulin free light chains, products
of an underlying B-cell/plasma cell clonal disorder, are the AL
amyloid fibril precursor protein.  The historically poor prog-
nosis in systemic AL amyloidosis, with a median survival of
just 13 months for patients diagnosed in the early 1990s,1 has
lately improved with better understanding of the disease,
improved supportive care and more effective treatments for
the underlying clonal disorder, including autologous stem cell
transplantation and novel therapeutic agents. The median sur-
vival in recent times is in the order of 3-4 years.2,3 However,
the vital organ dysfunction in patients with AL amyloidosis
continues to pose major challenges in terms of tolerability and
toxicity of chemotherapy compared to those in patients
receiving similar treatment for multiple myeloma.  This chal-
lenge is amplified in older patients with AL amyloidosis – an
increasingly recognized population for which little has been
reported about treatment responses and outcomes. 
Treatment of older patients with hematologic malignancies

is a growing challenge in general with the aging population, a
situation not helped by individuals in this age group frequent-
ly being excluded from clinical trials. Patients aged more than
70 years with multiple myeloma have significantly poorer
survival than their younger counterparts and twice the risk of
early death.4 This has been attributed to the presence of co-
morbidities and poorer tolerance of chemotherapy leading to

early discontinuation of treatment and suboptimal responses.
Efforts are currently being made to develop guidelines for risk
stratification of older patients and use of individually tailored
therapies.5 The general challenges in managing elderly
patients is magnified in AL amyloidosis by amyloid-related
vital organ damage, which further reduces tolerability of
chemotherapy and greatly increases the risk of treatment-
related toxicity. For these reasons, some older patients with
AL amyloidosis may not been considered for therapy at all.  
We report here on a large cohort of patients with systemic

AL amyloidosis over the age of 75 years. We explored risk
stratification models, and studied the impact of treatment on
survival and characterized the features of patients who
received greatest benefit from treatment in terms of survival
and improvement in amyloidotic organ function. 

Methods

Patients
All patients with AL amyloidosis of at least 75 years of age who had

been evaluated at the UK National Amyloidosis Centre (NAC)
between 2005 and 2012 were studied. All patients with AL amyloido-
sis under the age of 75 years seen during the same study period were
also identified to derive the proportion of older patients as well as for
overall survival outcomes. The diagnosis of amyloidosis was con-
firmed in all cases by a tissue biopsy demonstrating characteristic bire-
fringence on Congo red staining. Typing of AL amyloidosis was con-
firmed by immunohistochemical staining with appropriate antibodies
and by exclusion of hereditary amyloidosis, when necessary, by genet-
ic sequencing of the genes implicated in hereditary amyloidosis.  All
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Systemic AL amyloidosis, a disease with improving outcomes using novel therapies, is increasingly recognized in
the elderly but treatment and outcomes have not been systematically studied in this group of patients in whom co-
morbidities and frailty may compound morbidity and mortality. We report the outcomes of 295 patients with sys-
temic AL amyloidosis ≥75 years seen at the UK National Amyloidosis Centre from 2005-2012. The median age was
78.5 years. The median overall survival was 20 months. Two hundred and thirty-eight patients received chemother-
apy and 57 elected for supportive care only (overall survival – 24 and 8.4 months, respectively). On intention-to-
treat analysis, 44% achieved a hematologic response including a very good partial response or better in 23%.  The
median overall survival was 6.2 years in patients achieving very good partial response or better at the 6-month land-
mark analysis and 1.5 years in non-responders. Factors independently indicating a poor prognosis were: cardiac
involvement, performance status ≥2; systolic blood pressure <100 mmHg and, on landmark analysis, achieving less
than a very good partial response. Treatment of systemic AL amyloidosis in the elderly is challenging. Deep clonal
responses are associated with excellent survival and organ responses.  Achieving a response to the first-line regimen
appears particularly important as outcomes of non-responders are similar to those of untreated patients. Prospective
trials with lower toxicity, outpatient treatment regimens are needed. 
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patients underwent systematic review at presentation and detailed
follow-up assessments at 6-monthly intervals or as clinically indi-
cated. The assessments included clinical examination, detailed
blood and urine analysis [with measurement of serum and urine
monoclonal immunoglobulins and serum free light chains (FLC)],
serial 123I-labeled serum amyloid P component scintigraphy to
assess whole body amyloid load, an electrocardiogram and
echocardiogram. Serum FLC levels were measured serially at
monthly intervals using the Freelite™ assay (The Binding Site,
Birmingham, UK) during treatment with chemotherapy and 1- to
2-monthly thereafter until death. Cardiac disease stage was deter-
mined according to the Mayo staging described by Dispenzieri et
al.6 Amyloid organ involvement was defined according to the
International Consensus Criteria (ICC) 2010.7 Renal disease was
staged on the basis of the recently published renal staging criteria.8

Performance status (PS) was measured according to Eastern
Cooperative Oncology Group (ECOG) criteria and heart failure
symptoms were assessed using the New York Heart Association
(NYHA) functional classification. Written consent to publication of
anonymous material was obtained from all patients in accordance
with the Declaration of Helsinki and this study was granted ethi-
cal approval. 

Outcome measures
Primary outcome measures studied were hematologic respons-

es to treatment and overall survival. Hematologic responses were
defined according to the amyloidosis consensus guidelines.9 FLC
values were considered evaluable for assessing response if the pre-
treatment difference between the involved and uninvolved FLC
(dFLC) was >50 mg/L with an abnormal FLC ratio. Hematologic
responses were assessed as per the consensus criteria published by
Palladini et al.10 The response was assessed as the best achieved
response after starting chemotherapy and before any further ther-
apy was given.  

Statistics
Statistical analysis was undertaken using the SPSS 21 software

package (SPSS, Chicago, IL, USA). Survival was assessed by the
method of Kaplan and Meier and compared by the log-rank test.
Categorical variables were compared with a chi-square or Fisher
exact test as appropriate. All P values are two-sided with a signif-
icance level of 0.05. Multivariate analysis was by Cox or binary
logistic regression as appropriate. All analyses were on an intent-
to-treat (ITT) basis. Two landmark analyses were conducted: at 6
months, to assess the impact of presenting factors on early sur-
vival, and at 2 years. Amyloidotic organ responses are often
delayed and only patients who survive long enough after treat-
ment would benefit from these responses. The latter time-point
was chosen as this was close to the median survival of the whole
cohort and was a time by which patients would have had organ
responses. In an elderly population, identifying patients who
would genuinely benefit from a response to treatment is impor-
tant. 

Results

A total of 295 patients with AL amyloidosis older than
75 of age years were identified, accounting for 16% of all
1,870 AL amyloidosis patients assessed during the study
period. The proportion of patients >75 years increased
from 13% in 2005-2006, to 14% in 2007-2008, 17% in
2009-2010 and 18.5% in 2011-2012.  
Table 1 details the presenting characteristics of the

patients. The median number of organs involved was two

(range, 1-7). Renal function was normal in only 9% and
severe renal impairment (≥ stage IV chronic kidney dis-
ease) was seen in 30% of patients. Of the 252 patients
(85%) with full baseline biomarkers [both N-terminal pro-
natriuretic peptide type B (NT-proBNP) and cardiac tro-
ponin-T] available for staging, 54% had Mayo stage 3 dis-
ease at presentation. Among the remaining 43 patients
with an incomplete set of biomarkers at baseline, 88%
had abnormal NT-proBNP and 52% had cardiac involve-
ment as defined by echocardiographic criteria. Among the
entire group, there was echocardiographic evidence of car-
diac involvement in 51% of cases. Ten percent of the
cohort had a median systolic blood <100 mmHg and 24%
of the cohort had an NT-proBNP concentration >8500
ng/L,  both cut-offs associated with a particularly poor
prognosis.11

Treatment
Two hundred and thirty-eight (81%) patients received

chemotherapy, and 57 (19%) patients made an informed
decision to proceed with supportive care only. Details of
chemotherapy were incomplete for 19 (8.5%) patients and
their data were excluded from the analysis of treated
patients. Thalidomide-based combinations, mainly dose-
attenuated oral cyclophosphamide, thalidomide and dex-
amethasone, were used in 100 cases (45%), melphalan-
dexamethasone in 63 (29%), bortezomib-based regimens
in 30 (13%), other alkylator-steroid combinations in 7
(3%), and various regimens for lymphoplasmacytic lym-
phoma in 22 (10%). Patients received a median of four
cycles (range, 1-10). Thirty-two percent received fewer
than three cycles of treatment and only 67 (35%) patients
completed the planned course of six cycles of treatment.  
Hematologic responses to treatment were analyzed on

an ITT basis in 284 (96%) patients and a separate ITT
analysis was conducted in those patients who actually
received therapy. Five patients were excluded from analy-
sis because their clonal markers were insufficiently elevat-
ed to enable assessment of response, and six patients did
not attend follow-ups. On ITT analysis of the whole
cohort, 125 (44%) patients had a hematologic response
with 64 (23%) patients achieving a complete response
(CR) or very good partial response (VGPR) (11% CR and
12% VGPR) and 61 (21%) achieving a partial response
(PR). In the ITT analysis of 227 patients who received ther-
apy, a hematologic response was achieved in 125 (55%)
with 28% CR/VGPR and 27% PR. One hundred and nine-
ty-seven of 238 (83%) treated patients were included in
the evaluable response analysis, which excluded 30
patients who died before response assessment. Of the
evaluable patients, 125 (63%) achieved a hematologic
response comprising 32% with CR or VGPR (15% and
17%, respectively) and 31% with a PR. Sixty-nine percent
of patients who received a bortezomib-based regimen
achieved a hematologic response, 61% achieving a VGPR
or better, while 53% and 61% of those on melphalan and
thalidomide-based regimens achieved hematologic
responses, respectively (Figure 1). Age did not appear to
affect CR rates substantially: 21/197 (11%) patients in the
75- to 80-year old group and 9/87(10%) patients in the
group over 80 years old achieved a CR. 
After appropriate counselling, 57 patients chose not to

receive chemotherapy and had supportive care only. Their
median age at diagnosis was 79 years [22 (39%) were over
80 years of age]. Their age at death was 80 years and the
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Table 1. Baseline characteristics of the whole patient cohort, and the survivors and non-survivors at the 2-year landmark analysis of treated patients. 
Entire cohort – Treated patients at 2 years - Median

Median (range)/ number (range)/number of patients (%)
of patients (%)

Non-survivors (n=113) Survivors (n=108) P value

Age at presentation 78.5 (75-94.3) 78.4 (75-94.3) 78.2 (75.1-86) 0.561
75-80 years 205 (69%)
>80 years 90 (31%)

Sex (male: female ratio) 1.4:1 1.4:1 1.6:1 0.784
Age at death (years) 79.8(75.2-95.2)/181 (61%) 79 (75.7-95.2) 81.6 (78.4-87.8)
Monoclonal protein type
IgG 118 (40%) 46 (41%) 39 (36%)
IgA 39 (13%) 12 (11%) 15 (14%)
IgM 35 (12%) 14 (12%) 13 (12%)
Light chain only 102 (35%) 41 (36%) 40 (37%)

Paraprotein concentration (g/L) 8 (1-57) 8 (1-57) 8 (2-26)
Involved light chain type
Kappa (mg/L) 264 (29.1-3880)/ 71 (25%)
Lambda (mg/L) 168 (26.9-14000)/ 211 (74%)

Baseline involved FLC (mg/L) 197 (26.9-14000) 240 (27.2-5631) 143 (26.9 – 3880) 0.001
Baseline dFLC (mg/L) 174.2 (0.80 – 13990) 224(12.2-5594.1) 113.6 (7.5-3877.90) 0.002
Organ involvement
N. of organs involved 2 (1-7)
1 organ 85 (29%) 18 (16%) 39 (36%)
2 organs 106 (36%) 45 (40%) 36 (33%)
3 or more organs 105 (35%) 50 (44%) 33 (31%) 0.002

Cardiac involvement 146 (51%) 73 (67%) 42 (39%)
Systolic blood pressure (mmHg) 126 (71-202), 121 (71-192) 132 (80-181) 0.005
Systolic blood pressure <100 mmHg 31 (10%) 16 (14%) 4 (4%) 0.006
NT-proBNP (ng/L) 2720 (51-112992) 4093 (118.6-50271.2) 843.2 (93.2-70144.0) <0.0001
NT-proBNP > 8500 ng/L 71 (24%) 33 (29%) 15 (14%) 0.006
Cardiac troponin (ng/mL) 0.0515(0.003-0.578) 0.057 (0.00-0.578) 0.0245 (0.00 – 0.269) <0.0001
Mayo stage* n = 252 (85%) n = 98 (87%) n= 92 (85%)
1 30 (12%) 3 (3%) 17 (18%)
2 86 (34%) 26 (27%) 45 (49%)
3 136 (54%) 69 (70%) 30 (33%) <0.0001

Renal involvement 230 (78%) 110 (97%) 86 (80%) 0.613
Serum creatinine (�mol/L) 124 (39-1285) 126 (49-1285) 111 (39-612) 0.081
Urinary protein (g/24h) 3.4 (0-20.0) 2.02 (0-11) 4.48 (0-20) 0.021
eGFR (mL/min) 46 (>90-ESRF) 44 (>90 – ESRF) 51.5 ( >90-ESRF) 0.076
Chronic kidney disease ≥ stage IV 88(30%) 32 (29%) 23 (21%) 0.243
Renal stage
1 37 (13%) 17 (17%) 18 (21%)
2 116 (39%) 60 (58%) 39 (46%)
3 71 (24%) 26 (25%) 27 (32%) 0.844

Liver involvement
Consensus criteria 42 (15%) 25 (23%) 6 (6%) 0.001
Alkaline phosphates (U/L) 89 (33-1717) 93 (41-1717) 85 (33-902) 0.021
SAP 93 (32%) 41 (36%) 30 (28%) 0.176

Soft tissue 57 (20%) 24 (22%) 21 (19%) 0.665
Peripheral nervous system 29 (10%) 15 (13%) 7 (7%) 0.092
Autononic nervous system 54 (19%) 26 (23%) 20 (19%) 0.411
Gastrointestinal system 35 (12%) 13 (12%) 8 (7%) 0.279
NYHA class
1 – 2 143 (79%) 47 (70%) 58 (95%)
3-4 39 (21%) 20 (30%) 3 (5%) <0.0001

ECOG performance status
0 – 1 148 (52%) 43 (40%) 76 (72%)
2 95 (33%) 43 (40%) 24 (23%)
≥ 3 43 (15%) 22 (20%) 5 (5%) <0.0001

dFLC: difference between involved (amyloidogenic) and uninvolved free light chains; NT-proBNP: N-terminal pro–natriuretic peptide type B; SAP - serum amyloid protein scintigraphy;
NYHA: New York Heart Association; ECOG - Eastern Cooperative Oncology Group; ESRF: end-stage renal failure.
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median survival without treatment was 8 months.
Twenty-five (46%), 37 (65%) and 19 (33%) had cardiac,
renal and liver involvement, respectively. Sixty-seven per-
cent had Mayo stage III disease with a median NTproBNP
of 6695 ng/L and 42% had NT-proBNP >8500 ng/L. Thirty
patients (53%) had an estimated glomerular filtration rate
<30 mL/min at presentation and 11 (20%) had systolic
blood pressure <100 mmHg. Twelve (32%) had NYHA
class 3 or above and 37 (66%) had ECOG PS ≥ 2. 
Toxicity data were recorded in detail from 2009 as a part

of our prospective observational ALChemy study, and
were available for 147 patients of whom 113 (77%) expe-
rienced grade 3 or greater toxicity. Fluid retention in 32%
of patients was the most commonly reported adverse
event followed by infection/sepsis in 17%.  Thalidomide-
based regimens were associated with greatest toxicity
(84%) and bortezomib-regimens the least (70%) (Fisher
exact test, P=0.141).

Survival
The median overall survival (OS) of the whole cohort

was 20.9 months and OS rates at 1, 2 and 5 years were
59%, 47% and 26%, respectively, which are worse than
the outcome for AL amyloidosis patients aged <75 years
seen at the NAC during the same period (median OS, 6.1
years) (Figure 2). Early deaths at 2, 3 and 6 months were
seen in 4%, 9% and 22% of patients, respectively. The OS
of patients aged between 75-80 years was 24.2 months
and that of patients aged >80 years was 13.5 months
(Figure 2). The median OS over 2005-2006, 2007-2008,
2009-2010 and 2011-2012 were 19.6, 18.5, 14.4 and 52.5
months respectively; indicating an improvement in sur-
vival since 2011, perhaps due to the novel therapeutic
agents (36% of patients were treated with bortezomib-
based therapy during the period 2011-2012 compared to
only 6% in 2009-2010 and none prior to 2009) and better
supportive care. Patients who received treatment had a
median OS of 24.7 months compared to 8.4 months for
those who opted for supportive care only (P<0.0001). A
CR/VGPR was associated with better OS than PR (74.7
months versus 52.5 months, respectively; P=0.037 both on
an ITT analysis and of the evaluable patients) (Figure 3).

The estimated 5-year survival rates of patients who
achieved a CR were 68% and 89% in those aged up to 80
years and over 80 years, respectively. For patients with
cardiac involvement, those achieving a VGPR/CR had a
median OS of 55.6 months compared to 20.2 months for
those achieving a PR (P=0.002) or 6.4 months for non-
responders (P<0.0001) (Figure 3). A survival advantage for
responders was also demonstrable within the very poor
prognostic group with NT-proBNP >8500 ng/L as the
responders had a significantly better survival with a medi-
an OS 26.8 months compared to only 5 months among the
non-responders (P<0.001). The median OS of those who
were treated and those who refused chemotherapy was
12.9 months and 4.8 months, respectively (P=0.009) with-
in this subgroup. There was suggestion of better survival
for patients treated with bortezomib (median OS not
reached) compared to melphalan (median OS 25.2
months) or thalidomide-based regimens (median OS 38.9
months) (Figure 3). However, it is difficult to make direct
comparisons between the various regimens as both the
reason for choice of chemotherapy and the inevitable vari-
ability in the supportive care provided could easily have
influenced survival. 
In the ITT cohort, on univariate analysis, factors

adversely affecting survival were: cardiac involvement,
advanced Mayo disease stage, high NT-proBNP levels,
systolic blood pressure <100 mmHg, peripheral neuropa-
thy, liver involvement according to the ICC or on serum
amyloid P component scintigraphy, three or more organs
involved, dFLC >180 mg/L, higher NYHA dyspnea grade
and poor ECOG PS. In particular, patients presenting with
NT-proBNP >8500 ng/L (n=72) had a significantly worse
outcome than those with NT-proBNP <8500 ng/L (Figure
2 and Table 2). On multivariate analysis, independent fac-
tors adversely affecting survival were: achieving less than
VGPR, dFLC >180 mg/L, poor ECOG PS and cardiac
involvement (separate models run for each: cardiac
involvement by either of the criteria: ICC,
biomarker/echocardiographic criteria, advanced Mayo
disease stage and NT-proBNP >8500 ng/L) (Table 2). 
A landmark analysis was performed for patients alive at

6 months (233 of the 295 patients). The median OS of
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Figure 1. Hematologic
response achieved with var-
ious chemotherapy combi-
nations on an ITT basis.
The response rates for
thalidomide-based combi-
nations were: CR/VGPR 30
(31%), PR 29 (30%); for
melphalan-dexametha-
sone: CR/VGPR 11 (18%),
PR 22 (35%); for borte-
zomib-based regimens:
CR/VGPR 16 (61%), PR 2
(8%); for other alkylators:
CR/VGPR 3(43%), PR 0
(0%); and for regimens for
lymphoplasmacytic lym-
phoma (LPL): CR/VGPR 3
(14%), PR 8 (38%). 
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Figure 1. Kaplan-Meir analysis of overall survival (OS) of the whole cohort and risk factors adversely affecting survival.  (A) OS of patients with
AL amyloidosis by age group at presentation (75-80 years and >80 years compared with age <75 years).  The median OS of the two older
age cohorts was 24.2 months and 13.5 months, respectively, compared to 73 months in the younger cohort;  (B) OS of patients presenting
with ECOG PS 0-1 vs. ECOG 2 vs. ECOG 3-4 - median OS 45.6, 10.4 and 8.7 months, respectively (log rank P<0.0001); (C) OS stratified by pre-
senting dFLC <180 mg/L vs. >180mg/L  - median OS 33.9 and 14.3 months, respectively (log rank P=0.001); (D) OS by presenting NYHA
class 1-2 vs. NYHA >2 - median OS 37.6 and 8.7 months, respectively (log rank P<0.0001); (E) OS by Mayo stage 1, 2 and 3  - median OS 64,
52.5 and 9.9 months, respectively (log rank P<0.0001); (F) OS by presenting NTproBNP >8500ng/L vs. <8500ng/L - median OS 30 and 8.7
months, respectively (log rank P<0.0001).
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these 233 patients was 38.9 months. The landmark analy-
sis confirmed that those achieving a VGPR/CR had better
outcome compared to those with PR or non-responders
(median OS of patients achieving a ≥VGPR was 74.7
months compared to 52.5 months for those with lesser
degrees of response; log rank P<0.001) (Figure 3). Factors
adversely affecting survival were similar to those identi-
fied at presentation.
One hundred and eight of the treated patients survived

at least 2 years from diagnosis. When compared to
patients who died before 2 years (n=113), the surviving
group, unsurprisingly, had better prognostic factors. The
characteristics of patients surviving >2 years are detailed
in Table 1.

Organ responses
According to the ICC and renal response criteria, at 6

months, on an ITT basis of patients who received therapy,
31/193(16%) had a renal response, 14/121 (12%) had a
cardiac response and 5/31 (16%) had a liver response.
Considering assessable patients (i.e. excluding those who

died before response assessment), 31/104 (30%) assess-
able patients achieved a renal response, 14/55 (25%) had a
cardiac response and 5/13 (38%) had a liver response.
Assessing impact of depth of hematologic response on
organ response, 58% of the renal responders, 71% of the
cardiac responders and 38% of the liver responders had
attained a VGPR/CR. At 24 months, 25/193 (13%) had a
renal response (of whom 50% attained VGPR/CR), 15/121
(12%) had a cardiac response (of whom 73% attained
VGPR/CR) and 5/31 (16%) achieved a liver response (of
whom 60% attained VGPR/CR).

Discussion

Improved awareness of AL amyloidosis, general
longevity and availability of non-invasive investigative
modalities suggest that AL will be increasingly recognized
in older individuals especially as the prevalence of mono-
clonal gammopathy of undetermined significance, a usual
precursor of AL, rises with age. There are no studies, to
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Figure 3. Kaplan-Meir analysis of overall survival (OS) based on hematologic response to treatment (A)  OS on an ITT basis by hematologic
response: the median OS was 74.7 months in those achieving CR/VGPR and 52.5 months in those achieving a PR compared to 8.8 months
in non-responders (log rank P<0.0001); (B) OS for patients at the 6-month landmark analysis based on hematologic response: the median
OS was 74.7 months in those achieving CR/VGPR and 52.5 months in those achieving a PR compared to 19.4 months for non-responders
(log rank P<0.0001); (C) OS by response for patients with cardiac involvement in the ITT cohort: the median OS was 55.6 months in those
with CR/VGPR and 20.2 months in those with PR and 6.4 months in the non-responders (log rank P<0.0001); (D) OS by treatment regime:
the median OS was not reached in the bortezomib group compared to 25.2 months and 38.9 in the melphalan and thalidomide groups,
respectively (log rank P=0.062).
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the best of our knowledge, focusing specifically on AL
amyloidosis among older patients. Hence little is known
about its true natural history or its potential to respond (or
not) to chemotherapy. Chemotherapy in AL is challenging
in all age groups due to multisystem vital organ dysfunc-
tion, which reduces its tolerability and increases the likeli-
hood of treatment-related toxicities. These challenges
have historically led to many older patients being denied
therapy.  A UK Department of Health document suggest-
ed that clinicians may place too much emphasis on
chronological age as a proxy for other factors which are
often but not necessarily associated with age, such as co-
morbidities and frailty.12 The issue of frailty due to co-
morbidities that are likely to worsen with treatment, and
frailty caused by the illness for which treatment is being
given, and which may be partly reversible, remains a dif-
ficult area to navigate.  
The median age at diagnosis of patients with AL amyloi-

dosis is about 60 years2,13 and nearly a fifth of all patients
seen at the UK NAC were aged >75 years. The presenting
features of patients aged >75 years were, in general, similar
to those of younger AL patients. Nearly two-thirds of all
patients had Mayo stage III disease at presentation com-
pared to approximately 40% in younger patients14 raising a
serious concern that there may be a greater delay in diagno-
sis of amyloidosis in elderly patients in whom symptoms
may well have been attributed to other co-morbidities.
Although, in the UK, a substantial majority of patients with
amyloidosis are seen at our national referral center, we
acknowledge that patients who are very elderly with poor
performance status may not be either referred or are too
unfit to travel – a possible bias in this study. Cardiac amy-
loidosis in the elderly is an area of increasing interest not
only in relation to AL type, but also because of the availabil-
ity of treatment options for those with wild-type
transthyretin. Early use of non-invasive radionuclide imag-
ing with magnetic resonance imaging, 99mTc-DPD15 or 18F-
florbetapir16 should be considered to avoid diagnostic delay. 
The decisions to treat and the type of chemotherapy to

use in elderly patients may be influenced by factors includ-
ing social situations that may not be an issue in younger
individuals. One-fifth of patients in our cohort made an
informed decision not to receive chemotherapy and chose
supportive care only. This was a frail group, with poor
ECOG PS and advanced cardiac involvement.  Perhaps due
to the limitations of cardiac biomarkers in older patients,
biomarker-based staging was not always helpful in identi-
fying the patients with poorest prognoses – a fifth of Mayo
stage III patients survived for more than 2 years. By con-
trast, functional markers such as NYHA class and ECOG
PS, which reflect patients’ overall physiological state,
appeared to have better discriminatory capacity. 
The chemotherapy regimens used in the study reflected

those in practice in the UK during the study period.
Treatment was evidently challenging with only a third of
all patients completing the planned six cycles of
chemotherapy. There was a suggestion of better tolerance
and higher responses with bortezomib-based regimens in
this cohort but further studies are needed before any firm
conclusions can be reached.  
The overall hematologic response rate of only 44%

based on this standard ITT analysis of the whole cohort
may appear disappointingly low, but when the analysis
was performed excluding patients who opted not be treat-
ed, 63% achieved a clonal response including one third
who achieved a VGPR or better. This response rate com-
pares well to responses reported by our group and others
using chemotherapy combinations with AL amyloidosis
in general.14,17 Whereas, the median OS of the whole
cohort of just over 2 years is shorter than the 3- to 4-year
survival of the AL population in general,3 deeper clonal
responses translated into an excellent survival advantage
(median OS 6.2 years for those achieving a ≥VGPR and
estimated 5-year survival for those with CR was 76% in
concordance with AL amyloidosis in general).18,19
Considering the UK population in general, the Office for
National Statistics in England and Wales has projected that
the life expectancies for 75-year old males and females are

Table 2. Median survival (Kaplan-Meier analysis) of patients in relation to various baseline characteristics: Multivariate analyses at baseline, and at the
6-month and 2-year landmark analyses.
Factor Median survival P value; hazard ratio (95% confidence interval)

(months) - with and Multivariate at baseline Multivariate at 6 months Multivariate for treated 
without factor landmark analysis patients surviving at 2 years

Cardiac involvement* 45.6 vs. 12.9 0.040;1.47 (1.02-2.07) <0.0001; 2.52(1.66-3.82) 0.030; 0.62 (0.40-0.95)
Mayo stage*  

1 64 Ref Ref Ref
2 52.5 0.21; 1.64 (0.76-3.54) 0.17; 1.74 (0.79-3.83) 0.17; 1.81 (0.78-4.18)
3 9.9 <0.0001; 2.0 (1.4-3.0) 0.003; 3.12 (1.45-6.69) 0.006; 3.08 (1.37-6.92) 

NT-proBNP >8500 ng/L vs. <8500 ng/L* 30.0 vs. 8.7 0.037; 1.50 (1.02-2.20) 
SBP >100 vs. <100 mmHg 25.2 vs. 6.1 0.006; 1.86 (1.19-2.90) 0.030; 2.03 (1.07 – 3.84)
Liver involvement – SAP 26.8 vs. 10.6
Liver involvement – ICC 25.3 vs. 6.4 <0.0001; 2.21 (1.48-3.30) 0.018; 0.55 (0.33-0.90)
Number of organs involved (≤2 vs. ≥3) 30.0 vs. 9.7
ECOG performance status <2 vs. ≥2 45.6 vs. 9.7 0.001; 1.8 (1.3-2.6) 0.012; 0.60 (0.40-0.90)
dFlc >180mg/L vs. <180mg/L 33.9 vs. 14.3 0.007;1.8(1.17-2.74) 0.020; 0.64 (0.44-0.93)
Hematologic response:
VGPR/CR vs. PR 0.014;2.17(1.17-4.03) 0.027; 1.96 (1.08-3.54)
Hematologic response:
VGPR/CR vs. no response <0.0001;4.31(2.50-7.47) 0.000; 5.84 (3.42-9.97)

* Multivariate models were generated separately for each of the following cardiac variables: cardiac involvement, Mayo disease stage and absolute NT-proBNP < or > 8500 ng/L.  

© Ferr
ata

 S
tor

ti F
ou

nd
ati

on



11 and 13 years, and those for 80-year old males and
females are 8.2 and 9.6 years, respectively.20 With the out-
come of patients in CR approaching these figures, our data
support treating older patients with high efficacy regimens
aimed at achieving deep clonal responses.
Cardiac involvement is the most important determinant

of clinical outcome in patients with AL amyloidosis21 in gen-
eral, and was also associated with poor outcome in this
cohort of older patients.21 On multivariate analysis, inde-
pendent factors adversely affecting survival were
NTproBNP >332 ng/L or advanced Mayo stage or cardiac
involvement (independently analyzed), liver involvement
according to the ICC, systolic blood pressure <100 mmgHg,
dFLC >180 mg/L and ECOG PS ≥2. These factors remained
significant in the landmark analysis of the 233 (79%)
patients surviving 6 months. At both the 6-month and 2-
year landmark analyses, an additional factor which inde-
pendently affected survival was achieving a hematologic
response to treatment. In AL amyloidosis, the final aim is
for the hematologic response to eventually translate into
organ responses, but the latter are often much delayed and
organ function may continue to improve for a long period
in association with a sustained clonal response. At 2 years,
on an ITT basis of patients who received treatment, 13%
achieved a renal response, 12% had a cardiac response and
16% had a liver response. A high proportion of organ
responders had achieved a ≥VGPR to chemotherapy. This
gratifyingly confirms that striving for an excellent hemato-
logic response is crucial since such responses translate into
organ responses even in elderly patients.      
More knowledge is required to enable refined patient

selection, with the dual objectives of avoiding toxicity
from unhelpful treatment while enabling treated patients
to have the best chance of achieving a deep clonal

response; thus, age alone should not be used as a surrogate
of fitness for treatment. Critical questions about the
choice of initial therapy and the actual schedule of the reg-
imen remain unanswered by this retrospective analysis
and toxicity data are limited. Our current, prospective
ALchemy study may address some of these issues.
In summary, the presentation of elderly patients with

systemic AL amyloidosis is similar to that of the AL pop-
ulation in general. There are a higher proportion of
patients with advanced stage disease, perhaps reflecting
delay in diagnosis. Outcomes in those achieving a VGPR
or better are good and translate into organ responses.
Choosing an appropriate, highly effective, first-line treat-
ment appears crucial as patients may not remain fit for sal-
vage therapies. Excluding the very frail patients with
advanced organ involvement, this study strongly supports
the use of rapidly effective, frontline treatment for older
patients with AL amyloidosis, striving for an early deep
clonal response with good prospects of long-term survival.
Prospective studies in older patients with novel agents
with a better toxicity profile and ease of administration,
such as oral proteasome inhibitors, may allow a greater
proportion of patients to benefit from treatment. 
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