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Abstract

Treatment with high-dose melphalan chemotherapy supported by hematopoietic rescue with
autologous stem cells produces high rates of hematologic responses and improvement in survival
and organ function for patients with AL amyloidosis. Ongoing clinical trials explore pre-transplant
induction regimens, post-transplant consolidation or maintenance approaches, and compare
transplant to non-transplant regimens. To put these studies into context, we reviewed our recent
experience with transplant for AL amyloidosis in the Amyloid Treatment and Research Program at
Boston Medical Center and Boston University School of Medicine. Over the past 10 years, there
was a steady reduction in rates of treatment-related mortality and improvement in 1-year survival,
now approximately 5% and 90%, respectively, based upon an intention-to-treat analysis. Median
overall survival of patients treated with this approach at our center exceeds 7.5 years.

Introduction

Treatment of AL amyloidosis patients with high-dose intravenous melphalan chemotherapy
and autologous hematopoietic stem cell support (HDM/SCT) produces a high rate of
hematologic complete responses and improvement in organ function. Nephrotic syndrome
can resolve [1], myocardial wall thickness can decline (Meier-Ewert et al., this volume), and
quality of life improves [2]. Good outcomes are dependent upon the safe application of the
therapy. Our first large patient series, published in 2004, reported a 100 day treatment-
related mortality (TRM) of 14% [3]. Since then, we have refined patient selection and
transplantation techniques and seen a concomitant decline in the rate of serious
complications.

Methods

Data on patients evaluated and treated in the Amyloid Treatment and Research Program at
Boston University School of Medicine and Boston Medical Center were collected under

protocols approved by the Boston University Medical Campus IRB after informed consent
was signed. Data on patients enrolled into protocols using HDM/SCT from January 2000—
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December 2009 were reviewed retrospectively. Survival of all patients was determined
through the end of December 2010, providing at least 1 year of follow-up on 100% of
patients. Kaplan-Meier survival and confidence intervals for median overall and event-free
survival were determined.

Results and discussion

In the 10-year-period from January 2000 through December 2009, 323 patients began
treatment on institutional or cooperative group protocols using HDM/SCT. The age range of
enrolled patients was 28-80 years (median 57). The overall TRM was 8.4%, and the 1-year
survival (1 YS) was 86.1% by intention-to-treat analysis. In the more recent 5-year-period
from January 2005 through December 2009, 158 patients were treated; the age range was
28-77 years (median 57), the TRM was 5.1%, and the 1YS was 89.2%. Annual trends are
plotted in Figure 1. The overall survival and progression free survival of all 323 patients are
plotted in Figure 2.

We attribute these improvements to two factors: firstly, rigorous selection of appropriate
patients; and secondly, experienced multidisciplinary management during the peri-transplant
period.

Appropriate patient selection requires a comprehensive multidisciplinary clinical evaluation.
The key evaluation components are summarized below. Chronological age is not a critical
factor [4]. Patients who are potential candidates for HDM/SCT are assessed by sub-
specialists highly familiar with the clinical manifestations of amyloidosis and with the
complications of HDM/SCT.

Cardiopulmonary function

Many studies have demonstrated that outcomes for patients with AL amyloidosis are driven
by cardiac disease, defined by clinical parameters, echocardiographic parameters, and
biomarkers for cardiac function. We use all of these to judge cardiac risk, including careful
review of symptoms, physical examination for signs of heart failure, electrocardiography
and arrhythmia screening, assessment of ejection fraction by echocardiography/and or
cardiac magnetic resonance imaging, walking oximetry, pulmonary function testing, and
cardiopulmonary exercise testing. The cardiologist must integrate these data to assess risk
for HDM/SCT. Patients with cardiac dysfunction at high risk of early mortality may need to
be evaluated for combined orthotopic heart transplantation and HDM/SCT if other organ
dysfunction does not preclude this possibility (Chung et al., submitted) [5]. During the 10-
year-period under consideration, the proportion of patients with cardiac involvement was
consistently 45-50%.

Renal function

Renal dysfunction in amyloidosis can present in two ways, either as proteinuria, and/or
azotemia. In our experience, renal failure itself does not preclude safe treatment with
HDM/SCT [5]. However, nephrotic syndrome can predispose to hypotension, anasarca, and
to the development of pleural and pericardial effusions that increase risk of complications
during HDM/SCT. Diuretics are the mainstay of management for symptoms related to
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nephrotic syndrome and amyloid-induced congestive heart failure, but not effective in all
patients.

Gastrointestinal function and nutrition

These factors have been difficult to quantify, but are clearly important. Patients with amyloid
deposition in the Gl tract with ulceration or active bleeding are at high risk of catastrophic
bleeding during treatment-related pancytopenia. Patients with malabsorption, GI dysmatility,
and poor nutrition tend to have poor performance status and difficulty recovering from
infectious and other complications of HDM/SCT, and also should be excluded from this
treatment.

Neurologic function

Significant peripheral neuropathy affects performance status and raises treatment risk. More
importantly, autonomic dysfunction leading to hypotension can predispose to morbidity and
mortality during stem cell mobilization and collection as well as after chemotherapy.

Psychosocial factors

A commitment to self-care, and conscientious caregiver support, are important contributors
to successful treatment. Patients and caregivers must be committed to following instructions
for medications, nutrition, exercise, and monitoring for signs of infection or other
complications, particularly in an outpatient transplant program. Adherence to the plan of
care can be achieved with detailed instructions and treatment calendars for patients and
caregivers, and with support of social workers and psychiatrists through a very stressful
period.

Peri-transplant management

The transplant team must assess the patient and respond to any changes in clinical condition
throughout the peri-transplant period. For patients with other blood diseases undergoing
stem cell transplantation, monitoring focuses upon infection or bleeding complications
necessitating appropriate antibiotic and blood product support. For patients with organ
dysfunction due to AL amyloidosis, additional monitoring is required to detect and respond
appropriately to changes in cardiac, renal, Gl, or neurologic function during transplant.
Careful attention to fluid balance to maintain a constant weight and avoidance of drugs
known to exacerbate cardiac and renal dysfunction in AL amyloidosis are some of the
critical issues. During stem cell mobilization and collection, diuretic requirements often
increase. During the administration of high-dose melphalan, oral cryotherapy with ice
reduces blood flow to the oral mucosa and minimizes mucositis. Post-transplant, insensible
losses increase dramatically, and diuretics must be reduced or eliminated (and intravenous
fluids administered) to maintain blood pressure and prevent dehydration. Patients should be
assessed daily throughout the transplant period by specialized amyloid transplant nurses and
doctors, and by amyloid sub-specialists as needed. That being said, we believe that
performing transplants on an outpatient basis minimizes exposure to resistant hospital
organisms and also allows patients to adhere to medication and activity protocols that can be
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at odds with the protocols on inpatient units. Recently, benefits of outpatient transplantation
have been demonstrated for other diseases [6].

These results and comparable results from other centers leads to a set of provisional
conclusions [1]. Patients should be carefully selected for treatment with HDM/SCT through
a multi-disciplinary evaluation process. Treatment decisions should be made on a highly
personalized basis, within the context of available clinical trials whenever possible [2].
Centers providing HDM/SCT, and other treatments, to patients with AL amyloidosis should
have the volume and experience to provide expert multidisciplinary care and to follow
carefully developed standard operating procedures [3]. Incorporation of HDM/SCT into a
treatment algorithm, and comparison of HDM/SCT to other therapies, is scientifically and
ethically justified when morbidity and mortality is minimized using these or other strategies.
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Figure 1.
Trends in TRM (Jower line) and 1YS (upper ling) each year in the 10-year-period from 2000

through the end of 2009, for a total of 323 patients.
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Figure2.

Overall and event-free survival for 323 patients based upon intention-to-treat. The median
overall survival was 7.7 years (95% CI: 69-120 months) and the event-free survival was 4.2

years (95% ClI: 36-69 months).
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