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Introduction

AL (immunoglobulin light chain) amyloidosis is a plasma cell
dyscrasia in which clonal immunoglobulin light chains mis-
fold, forming amyloid fibrils that are deposited in tissues and
vital organs, leading to organ dysfunction and death.1 The kid-
neys, heart, and the nervous system are most commonly
affected. About 30% of patients with AL amyloidosis have
clinical evidence of hepatic involvement, although one autop-
sy series found histological evidence of liver involvement with
amyloid in 70% of patients.2-4 Amyloid deposition commonly
involves the central vein, portal vessels, portal stroma, and
sinusoidal areas.2 Liver involvement with AL amyloidosis can
manifest with abdominal pain, decreased appetite,
hepatomegaly and elevated alkaline phosphatase and transam-
inases.5 Hyperbilirubinemia occurs as a late manifestation in
the course of liver disease associated with AL amyloidosis.

Untreated AL amyloidosis has an overall poor prognosis,

with a median survival of 10-14 months from diagnosis.6 In
patients treated with oral melphalan and prednisone, the
median survival is marginally increased to 17 months6,7 with a
5-year and 10-year survival rate of 16% and 5%, respectively.8

In patients with hepatic involvement, the median survival
seems to be even less, reported as nine months, with 5-year
and 10-year survival rates of 13-17% and 1-7%, respectively.5

High-dose intravenous melphalan and autologous stem cell
transplantation (HDM/SCT) has become a first-line treatment
for selected patients with AL amyloidosis. HDM/SCT has
been shown to induce both hematologic and clinical remis-
sions in AL amyloidosis, and it appears to prolong survival
substantially when hematologic remissions are achieved.9-11

Recently, we reported the long-term follow-up of 80 patients
treated with HDM/SCT with a median survival of 57
months.12 In the present study, we have carried out a retro-
spective analysis of hepatic response after HDM/SCT treat-
ment for patients with AL amyloidosis related liver disease. 
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High-dose melphalan chemotherapy and autologous
peripheral blood stem cell transplantation has been shown
to result in durable hematologic response and prolonged
overall survival in systemic AL amyloidosis. In this retro-
spective study, we evaluated clinical and hematologic
responses in 69 patients with predominant liver involve-
ment who were treated with high-dose intravenous mel-
phalan and autologous stem cell transplantation from 1998
to 2006. Nine patients (13%) died from treatment-related
mortality, similar to patients without hepatic involvement.
The overall survival was 81% at one year and 61% at five
years, by Kaplan-Meier estimates. A hematologic com-
plete response was achieved by 53% (31/58) of patients at
one year. A hepatic response occurred in 57% (33/58) at
one year after high-dose intravenous melphalan and autol-
ogous stem cell transplantation and 63% (19/30) at two

years after high-dose intravenous melphalan and autolo-
gous stem cell transplantation. In conclusion, hepatic dis-
ease improves in almost 2/3 patients treated with high-
dose intravenous melphalan and autologous stem cell
transplantation who have a complete or partial hemato-
logic response to treatment. 
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Design and Methods

Patients with AL amyloidosis undergoing HDM/SCT
from 1998 to 2006 were studied with the approval of
the Institutional Review Board of Boston University
Medical Center. Informed consent was obtained in
accordance with the Declaration of Helsinki. We retro-
spectively reviewed cases of patients with AL amyloi-
dosis and predominant hepatic involvement who
underwent HDM/SCT at this institution. Light chain
gene families and subfamilies were determined by
cloning the monoclonal light chain gene from bone mar-
row plasma cells and comparing the sequence to the
germ line donors, as reported in previous reports.13

Inclusion criteria for HDM/SCT included confirmed tis-
sue diagnosis, clear evidence of a clonal plasma cell
dyscrasia, age >18 years, performance status of ≤2 using
the Southwest Oncology Group criteria, left ventricular
ejection fraction >40%, room air oxygen saturation
>95%, lung diffusion capacity >50%, and supine sys-
tolic BP >90 mmHg, as described in our previous
reports.10 Hepatic involvement was defined as liver
enlargement palpated below the costal margin in the
absence of heart failure or alkaline phosphatase >1.5
times institutional upper limit of normal, as described
by criteria established in the Consensus Opinion from
the 10th International Symposium on Amyloid and
Amyloidosis.14 All patients had hepatitis B and hepatitis
C serologies checked prior to undergoing HDM/SCT.
Hematopoietic stem cells were mobilized with granulo-
cyte colony-stimulating factor (G-CSF) alone, and a
minimum yield of at least 2.5×106 CD 34+ cells/kg was
required to proceed to HDM. Patients received 100-200
mg/m2 of intravenous melphalan in two divided doses
followed by stem cell transplantation 24-72 h after-
wards. All patients were assessed for hematologic and
organ responses within 3-6 months, at one year post-
transplant, and annually thereafter. Hematologic and
hepatic responses were determined as reported previ-
ously10 and by the Consensus Opinion from the 10th

International Symposium on Amyloid and Amyloid-
osis.10,14 Hepatic response was defined as greater than
30% reduction in hepatomegaly on physical exam or a
50% decrease of an elevated alkaline phosphatase level.
Treatment-related mortality was defined as death with-
in 100 days of the SCT.

Results and Discussion

Patients’ characteristics
From 1998 and 2006, 69 patients with AL Amyloidosis

and hepatic involvement underwent HDM/SCT at
Boston University Medical Center. The median age was
56 years (range, 37-75). There were 47 men and 22
women. All patients had predominant hepatic involve-
ment, although there was multi-organ involvement to a
lesser degree: 62 patients (90%) had renal involvement,
45 patients (65%) had cardiac involvement, 30 patients
(44%) had neurological involvement, 4 patients (6%)
had endocrine involvement, and 8 patients (12%) had

soft tissue involvement. The median liver size was 3 cm
(range, 0-20) below the costal margin. The median alka-
line phosphatase was 193 U/L (range, 59-1243, normal
25-100). The median serum bilirubin level was 0.5
mg/dL (range, 0.1-1.9). There were 28 patients (41%)
with k and 41 patients (59%) with λ clonal plasma cell
dyscrasia. Light chain sequence information was avail-
able for 33 patients. For these 33 patients, the light chain
subfamily distribution was κ1 (33%); κ4 (3%); λ1 (24%),
λ2 (18%); λ3 (6%); and λ6 (15%). By χ2 analysis, this dis-
tribution of light chain subfamilies is similar to that of
the entire group of AL amyloidosis patients that we have
sequenced.15 No patient had serological evidence of
chronic hepatitis B or C infection. 

Treatment characteristics
Of 69 patients with hepatic involvement and AL amy-

loidosis, 42 (61%) patients received full high-dose mel-
phalan at 200 mg/m2, while 27 (39%) received modified
high-dose melphalan at 100-140 mg/m2. The median
number of stem cells collected was 8.2×106 CD34+

cells/kg (range 1.2-26). The median number of stem cells
infused after HDM was 5.62×106 CD34+ cells/kg (range,
1.2-13). 

Assessment of treatment results
The treatment-related mortality in these patients was

13% (9/69). The most common cause for treatment-
related mortality was sepsis (n=5); and other causes
included cardiac arrhythmia (n=1), pulmonary embolism
(n=1), respiratory failure (n=1), and spontaneous hepatic
rupture (n=1). In addition, 2 more patients (3%) died of
complications related to amyloidosis prior to the one
year follow-up evaluation. 

Using intent-to-treat analysis, the overall survival at
one, two and five years was 81%, 75% and 61%,
respectively, by Kaplan-Meier estimates. The median
survival of these 69 patients was 90 months (7.5 years),
with a mean follow-up of 47 months (Figure 1).
Hematologic responses were assessed in 58 (84%) sur-
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Figure 1. Overall survival of patients with hepatic involvement
after high-dose intravenous melphalan and autologous stem cell
transplantation.
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viving patients at one year following treatment with
HDM/SCT. A complete hematologic response was
achieved by 53% (31/58) of patients, and of these 19
patients had received full high-dose melphalan at 200
mg/m2. In addition, 40% (23/58) achieved a partial
hematologic response at one year following HDM/SCT.
Hepatic responses were also assessed in the 58 (84%)
patients at one year following treatment with
HDM/SCT. Hepatic responses were observed in 57%
(33/58) at one year and 63% (19/30) at two years. 

Hepatic responses corresponded with achievement of
hematologic responses. Hepatic response occurred in
61% of patients with hematologic complete response
and in 60% of patients with hematologic partial
response. Of 4 patients who did not achieve a hemato-
logic response, one patient had progression of hepatic
disease, 2 patients had stable hepatic disease and one
patient had hepatic response.

We have demonstrated improvement in AL amyloido-
sis associated liver disease following high-dose intra-
venous melphalan and autologous stem cell transplanta-
tion (HDM/SCT). A hepatic response, defined as a
greater than 30% reduction in hepatomegaly on physi-
cal exam or a 50% decrease of alkaline phosphatase lev-
els, occurred at one year in 57% of surviving patients
and was sustained during subsequent follow-up in the
vast majority. This outcome compares favorably to renal
responses, defined as a 50% reduction in 24 h urinary
protein excretion, which occurs in 36% of patients at
one year and 52% of patients at two years.16 The greater
rate of hepatic responses may reflect the regenerative
capacity of the liver. In addition, it has been proposed
that amyloidogenic light chains may have direct,
reversible toxic effects on hepatic sinusoidal cells.17

Untreated systemic AL amyloidosis with hepatic
involvement has a very poor prognosis, with a median
survival of 8-9 months. The five-year survival rate is 13-
17%.5,18 In a multi-center trial of the IBMTR registry
data, hepatic involvement in AL amyloidosis showed a
trend towards worse one year survival following
HDM/SCT, as compared to no hepatic involvement
(71% vs. 59%, p=0.07) Recently, we reported the long-
term follow-up on 80 patients treated with HDM/SCT
with a median survival of 57 months and a one year sur-
vival of 78%.12 The present retrospective study suggests
hepatic involvement in AL amyloidosis does not predict
worse outcome, with a median survival of 90 months
(7.5 years) after HDM/SCT and 5-year survival of 61%.
Hepatic involvement does not lead to an increase in
treatment-related mortality. Treatment-related mortality
in this retrospective study was 13%, which is compara-
ble to reports from our own center and others.9,10 One
patient with liver involvement died from spontaneous
hepatic rupture following HDM/SCT with sepsis; this
case is described in a separate report.19 There were no
other deaths from hepatic failure. 

Hepatic involvement also appears to not predict a
poorer hematologic response. In systemic amyloidosis
treated with HDM/SCT at larger, single-center trials,
hematologic complete response was achieved in 33-
51%.11 In this study, hematologic complete response
was achieved in 53% of evaluable patients. It is impor-
tant to note that patients with hyperbilirubinemia
(serum bilirubin > 2.0 mg/dL) due to hepatic involve-
ment should receive HDM/SCT with great caution. In
this present study, no patient had serum bilirubin of >2.0
mg/dL. There was no patient who had worsening of
liver function tests after HDM/SCT. 

The Consensus Opinion from the 10th International
Symposium on Amyloid and Amyloidosis defines
hepatic response14 in part as reduction of hepatomegaly
using radiographic imaging. This study had patients
enrolled from 1998 to 2006, making it difficult to adapt
to these criteria, published in 2005, for all patients. In our
study hepatic response was assessed by physical exam
as well as by reduction in alkaline phosphatase levels.

Effective treatment regimens, besides HDM/SCT,
exist and should be offered to patients who are ineligi-
ble for this aggressive treatment. In a study of patients
ineligible for HDM/SCT, 46 patients were treated with
melphalan and high-dose dexamethasone.20 Six patients
had hepatic involvement and one patient had hepatic
response with normalization of alkaline phosphatase
after treatment. Similarly, in patients treated with
thalidomide and dexamethasone, one of 7 patients
showed hepatic response, although this regimen was
poorly tolerated.21 A prospective randomized clinical
trial published by the French group suggested similar
overall survival for patients treated with oral melphalan
and dexamethasone compared to HDM/SCT.22 In this
study, 3 out of 10 patients had hepatic response in the
oral melphalan and dexamethasone arm compared to 5
out of 16 patients in the HDM/SCT arm. 

In summary, hepatic involvement in patients with AL
amyloidosis does not increase treatment-related mortal-
ity from HDM/SCT or reduce the hematologic response
rate, and hepatic responses follow the hematologic
responses over 1-2 years after HDM/SCT. 
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