
noted in brain and breast cancer.6-9 Neoplastic associations of ICH are
limited to case reports that include patients with mast cell leukemia,
acutemyeloid leukemia, andB-cell lymphoma.10 Patient 2 had a remote
history of breast cancer treated with chemotherapy; however, no patient
was noted to have a malignancy at the time of their ICH diagnosis or
at 5 and 4 months (patients 1 and 2, respectively) after diagnosis based
on available follow-up information. The ETV3-NCOA2 gene fusion
presents a potential diagnostic and therapeutic tool for addressing the
challenges associated with the controversial and rare entity that is ICH
and merits further exploration.
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To the editor:

Long-term outcome of patients with AL amyloidosis treated with high-dose melphalan and
stem cell transplantation: 20-year experience

In immunoglobulin light chain (AL) amyloidosis, amyloid fibril de-
posits, derived from immunoglobulin light chains produced by a clonal
plasma cell dyscrasia, accumulate in extracellular tissues and damage
vital organs.1 High-dose melphalan and autologous stem cell trans-
plantation (HDM/SCT) have been shown to induce both hematologic
and clinical remissions in selected patients with AL amyloidosis, and
it prolongs survival substantially when hematologic remissions are
achieved.

We report on the outcome for AL amyloidosis patients treated
with HDM/SCT for a.20-year period to address remission durabil-
ity and long-term results. We previously reported on our experience
of 312 patients treated with HDM/SCT in 2004,2 and this series was
updated in Blood in 2011 with 421 patients.3

The first HDM/SCT for AL amyloidosis was performed in July
1994 at the Amyloidosis Center at Boston University School of
Medicine. Patients have been enrolled in several sequential institu-
tional review board–approved protocols during the 20-year study
period. Eligibility criteria for all protocols required biopsy proof of
amyloid disease; evidence of a plasma cell dyscrasia and exclusion
of other types of amyloidosis as appropriate; $1 major affected
organ; and adequate measures of cardiac and pulmonary function
and performance status. Inclusion criteria included cardiac ejection
fraction$40%, absence of symptomatic pleural effusions, absence
of uncompensated heart failure or arrhythmias resistant to medical
management, oxygen saturation$95% on room air, lung diffusion
capacity$50%predicted, supine systolicbloodpressure$90mmHg,
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and Southwest Oncology Group performance status score#2 unless
limited by peripheral neuropathy. End-stage renal disease requir-
ing dialysiswas not an absolute contraindication if other eligibility
criteria were met. Age, renal function, time from diagnosis, prior
therapy, and details of the conditioning regimen varied among
the trials. A modified dose of melphalan at 100 or 140 mg/m2

was administered to patients.65 years of age, with a left ventric-
ular ejection fraction between 40% and 45%, stem cell collection
of 2 to ,2.5 3 106 CD341 cells/kg, or with poor performance
status.

Between 1994 and 2014, 629 patients with AL amyloidosis
were treated with HDM/SCT. The median age was 57 years (range,
28-80 years). A total of 350 patients (55.6%) received full-dose
melphalan at 200 mg/m2, whereas 279 (44.4%) received modified-
dose melphalan at 100 to 140 mg/m2, based on age and organ function.
All patients underwent stem cell mobilization with growth factor
alone. Treatment-related mortality (TRM) defined as death occur-
ring within 100 days after SCT occurred in 47 patients, leading to
an overall TRM of 7.5% (n5 47 of 629). Additionally, there were
11 deaths during stem cell mobilization and collection phase prior
to initiatingHDM.After 2005, no deaths have occurred during stem
cell mobilization and collection, and TRM has improved to 3.4%
(n 5 10 of 292).

Hematologic responses, based on international consensus criteria,4,5

were assessed in 543 (86.3%) patients at 6 to 12 months following
treatment. Of evaluable patients, 40.3% (n 5 219 of 543) achieved
a hematologic complete response (CR) after SCT, and by intention to
treat, the CR rate was 34.8%. Hematologic CR occurred in 44.9%
(n 5 142 of 316) patients who received 200 mg/m2 HDM compared
with 33.8% (n5 76 of 225) patients who received 100 to 140 mg/m2

HDM (x2, P 5 .0091). Hematologic relapse occurred in 40 patients
(18.2%) with CR at a median of 3.97 years (range, 1.89-12.45 years). Of
these patients with hematologic relapse, 16 (40%) had received 100 to
140mg/m2 HDM, whereas 24 (60%) had received 200mg/m2 HDM.

The median overall survival (OS) is 7.63 years, with a median
follow-up of 8 years. The median OS has not been reached for
patients achieving a hematologic CR compared with 6.3 years for

those not achieving CR (log-rank, P , .0001). The median OS for
patients receiving 200 mg/m2 melphalan is 10.47 years compared
with 5.15 years for those receiving 100 to 140 mg/m2 HDM (log-
rank, P , .0001). Kaplan-Meier estimates of survival are shown
in Figure 1. OS at 1, 5, 10, and 15 years for those with hematologic
CR is 100%, 88%, 72%, and 57%, respectively, compared with those
without CR of 94%, 60%, 34%, and 18%, respectively. Themedian OS
for patients following hematologic relapse is 4.3 years. Forty patients
who achieved CR died without evidence of hematologic relapse. Their
causes of death included sudden death (7), sepsis (4), metastatic
malignancy (6), stroke (3), heart failure (5), renal failure (5), therapy-
related myelodysplastic syndrome/acute myeloid leukemia (4),
bleeding complications (2), and unknown (4).

It is important to note that these 629 patients are a highly selected
group of all new patients with AL amyloidosis seen at our center.

In summary, long-term survival up to 20 years was achieved in
28.6% of patients with AL amyloidosis treated with HDM/SCT.
Although survival is strongly dependent on achieving a hematologic
CR, the survival of patients who do not achieve a CR and of those
who relapse after CR is also notable, suggesting a benefit of aggres-
sive treatment. Strategies to improve risk stratification of patients
and reduceTRM, aswell as using sequential or combination therapies
with novel agents to increase the CR rate, will likely improve out-
comes in the future for patients who just a few years ago were con-
sidered to have a rapidly fatal diagnosis.
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Figure 1. Kaplan-Meier estimates of overall survival. (A) Overall survival after HDM/SCT for AL amyloidosis. (B) Overall survival based on achievement of hematologic CR

after HDM/SCT.
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