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Myeloablative chemotherapy with stem cell rescue for the treatment
of primary systemic amyloidosis: a status report
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Summary: ring in eight patients per million per year, similar to the
incidence of Philadelphia chromosome-positive chronic
Stem cell transplantation has been incorporated in the granulocytic leukemia or agnogenic myeloid metaplasia.
treatment of primary systemic amyloidosis for 5 years.  Amyloidosis is approximately one-fifth as common as mul-
Results reported to date suggest that the response rates tiple myeloma. The disorder is devastating in that the
are substantially better than those for patients treated median survival of patients seen within 1 month of diag-
with low-dose traditional melphalan and prednisone nosis is 13.2 monthswith a median survival of 4 months
chemotherapy. Unexpectedly high mortality rates have, for those with congestive heart failure and only 5% surviv-
however, been reported with stem cell transplantation, ing for 10 years or moré.
reaching 40% in some series. This unexpectedly high Because amyloid deposits are derived from a clonal
mortality appears to be related to multiorgan failure of population of plasma cells in the bone marrow, therapy has
tissues infiltrated with amyloid deposits. Deaths have historically been directed at disrupting the precursor protein
been reported from gastrointestinal tract hemorrhage, synthesis by these cells. Amyloidosis is not a true neo-
gastrointestinal tract perforation, sudden cardiac death, plasm. The percentage of plasma cells in the bone marrow
and renal failure. The best patient for transplantation does not increase over time, and the size of the monoclonal
appears to have single organ involvement, an age55  peak does not tend to increase over time, as it does in mul-
years, the absence of renal insufficiency, and no sympto- tiple myeloma. The treatment has been similar to that of
matic cardiac dysfunction. Patients eligible to receive multiple myeloma. It was not long after melphalan was
stem cell transplant represent a highly selected popu- introduced for the treatment of multiple myelofrthat the
lation, and before conclusions about the efficacy of first reports documenting resolution of amyloidosis syn-
transplantation are drawn, comparison with a matched dromes appeared after treatment with melphalan and
control group is necessary. Amyloidosis should be con- prednisoné:®> Subsequently, prospective randomized stud-
sidered an indication for stem cell transplantation in the  ies demonstrated that the use of melphalan and prednisone
context of a clinical trial so that results can be compiled prolonged the survival of patients who had the disease com-
and reported for an accurate assessment of response pared with patients treated with colchicine aléridJnfor-
rate, survival, relapse rates and treatment-related tox- tunately, in spite of a clear survival benefit, the reported
icities. Bone Marrow Transplantatio(2000)25, 465-470. median survivals were 12.2 and 17 montfisBetter ther-
Keywords: amyloid; amyloidosis; chemotherapy; neph- apies are required for the management of this disease.
rotic syndrome; transplantation Improving survival with melphalan is difficult, because the
response rates do not exceed 30%, even in carefully selec-
ted subsets of patients.Trials looking at other regimens
) ) o ) ) known to be effective in myeloma were introduced for the
Primary systemic amyloidosis (AL) is the disease thatyeatment of AL. The use of vincristine, doxorubicin and
results from the extracellular deposition of insoluble gexamethasone is a well-established regimen for the treat-
deposits composed of immunoglobulin light or heavyment of multiple myelom¥ and has also been introduced
chains. The deposition of these amorphous deposits in thgy the treatment of amyloidosis, with a response reported
extracellular space disrupts organ fu_nctlon and uItlmateI_){n three of four patientst However, this chemotherapy is
leads to the death of the patient. Patients may present witfifficult to administer to many amyloid patients because
various syndromes, but the most common are nephroticyatients with peripheral neuropathy should not receive
range proteinuria with or without renal insufficiency, con- yincristine, and the risk of doxorubicin in the context of
gestive cardiomyopathy, unexplained hepatomegaly, OBmyloid cardiomyopathy is unknown.
painful peripheral neuropathy. The disorder is rare, occur- yygvcCp (vincristine, carmustine (BCNU), melphalan,
cyclophosphamide and prednisone) was introduced more
Correspondence: Dr MA Gertz, Mayo Clinic, 200 First Street SW, than 20 years ago for the treatment_Of multiple myel&ma
Rochester, MN 55905, USA and has been shown to produce a higher response rate than
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in a prospective randomized fashion and found that therehronic skin and liver graft-versus-host disease. The patient
was no improvement in response rate or survival usingvas alive at 18 months post transpl&htBoth of these
VBMCP, with an overall response rate of only 30%. patients had only a single visceral organ involved with
Given the poor results obtained with standard chemoamyloid. It is unlikely at this time that allogeneic transplant
therapy and recognizing the improved complete responseill be applicable to many patients with amyloidosis given
rates and increased survival that have been demonstratélte necessity for a human leukocyte antigen-compatible
with transplantation for multiple myeloma, it was inevitable sibling, the age restrictions (amyloidosis patients have a
that this technique should be applied to patients with amymedian age of 63 years), and the need for good perform-
loidosis. The purpose of this review is to summarize theance status, renal function, and cardiac function. Nonethe-
published literature on the status of transplantation for thidess, these encouraging reports suggest this treatment is an
disorder in an effort to help determine which patientsoption for carefully selected patients who are younger and
should be considered candidates for the procedure. have only one organ involved.
A report of autologous bone marrow transplantation for
AL in a 45-year-old patient with cardiac involvement has
Marrow transplantation appeared? This patient had infiltration of the left ventricle
and endomyocardial biopsy-proven amyloid, with an ejec-
Most patients who come to transplantation with a hematotion fraction of 52%. She was conditioned with melphalan
logic malignancy have significant dysfunction of the bone(200 mg/n3). With 17-month follow-up, there was objec-
marrow that frequently is manifest by multiple cytopeniastive clinical improvement and a hematologic response with
or, in the case of patients with malignant lymphoma, infil- disappearance of monoclonalight chains from the urine.
tration of lymph nodes. In general, there is no visceral dysThe echocardiogram remained abnormal, and a repeat
function present, and most programs require satisfactorgndomyocardial biopsy 17 months post transplant showed
cardiac and pulmonary function with an Eastern Cooperatpersistent amyloid?®
ive Oncology Group performance status of 0 or 1, good
synthetic function of the liver, and good nutrition. Unfortu-
nately, many patients with amyloid present with preciselyPeripheral blood stem cell transplant
the opposite findings. Hematologically, these patients are
generally normal. Anemia is uncommon unless there iOwing to the ease of collection, lower rate of tumor con-
renal insufficiency, and the white cell count and platelettamination, and quicker engraftment observed with blood
count are generally normal. Thrombocytosis is seerstem cells over autologous bone marrow, most of the high-
occasionally in patients with hepatic involvement anddose chemotherapy experience is with blood stem cells.
hyposplenism. Amyloidosis patients regularly have cardiacContamination with clonotypic immunoglobulin-positive
hepatic, renal, or neuropathic problems, which make thigplasma cells has been demonstrated in the collected apher-
patient group distinct from other transplant candidates. esis products from patients with amyloidosis undergoing
The first syngeneic transplant for amyloidosis wasleukapheresis after growth factor priming alone. CD&4ll
reported in 19953° The patient was age 32 years at diag-selection is possible in these patients with adequate yields
nosis and had failed to benefit from melphalan and prednifor successful engraftment, but the effect of having a posi-
sone therapy. The patient was conditioned with standartively purged apheresis product on the disease course
cyclophosphamide (120 mg/kg) and total body radiationremains unknowr?®
(12 Gy). There was resolution of nephrotic-range pro- The group that had originally performed the syngeneic
teinuria and autonomic neuropathy. A hematologictransplant for amyloid reported on two patients who had
response was achieved, with the disappearance of monstem cell transplants for AL. At the time of the report, one
clonal light chains from serum and urine. There was als@atient was alive but not evaluable, and the other patient
improvement on a I-labeled serum amyloid P componenhad a hematologic response with eradication of light chains
scan, which is a good gauge of total body amyloidfrom the urine and conversion of the bone marrow from
burdent® monoclonal to polyclonal plasma cells. Nephrotic syn-
There have been two reports of allogeneic bone marrovdrome and orthostatic hypotension had improved, and amy-
transplant for systemic amyloid. One patient with peri-loid deposits visible in the bone marrow pretransplant
orbital purpura, macroglossia, and minimal proteinuriahad cleared*
(1.4 g/day) was treated with six cycles of C-VAMP  The world’s largest experience of stem cell transplant for
(cyclophosphamide, vincristine, doxorubicin, methyl- AL is derived from the Boston University data set. They
prednisolone) and had a hematologic response. Thamitially reported on five patients, aged 38 to 53 years,
patient’s allotransplant conditioning regimen was mel-including one patient with cardiomyopathy. Mobilization
phalan (110 mg/@) and total body radiation (12 Gy). A was with growth factor only. Cells were harvested on day
complete hematologic response was seen at 6 months, abd Patients received melphalan conditioning (200 n#y/m
the patient was alive and well at 29 mon#isA second With an initial median follow-up of 13 months, all five
patient received a transplant from a human leukocyte antipatients showed clinical remission of organ-related dys-
gen-identical sister with melphalan (140 mgjnand total  function, reversal of neuropathy, and resolution of hepato-
body radiation (8 Gy) and had a reduction in 24-h urinemegaly. In three of the five patients, clonal plasma cells
protein from 9.15g to 1.3 g and disappearance of monoeould not be detected in the bone marr&w.
clonal light chains from the urine. The patient had limited This experience was expanded to 25 pati@nising the
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same mobilization scheme of granulocyte colony-stimulatat 1 and 3 months, and one patient is alive 1 year after 467

ing factor alone and melphalan given intravenouslycollection and receiving hemodialysis. Nineteen had trans-
(200 mg/n?). All patients were selected to have adequateplants at a median age of 57 years. Renal, cardiac (by
cardiac, pulmonary and renal function. The median age waschocardiography), peripheral nerve, and liver amyloidosis
48 years, with 88% having a performance status of 1 or 2were present in 13, 12, three and one, respectively. The
Eight of the patients had cardiac amyloidosis, but none hadhedian creatinine value was 1.1 mg/dl. Seventeen of the
congestive heart failure. Ten had three or more organ syst9 had a monoclonal protein in the serum or urine. The
tems involved. Seventeen of 25 patients (68%) were alivether two had clonal plasma cells demonstrable in the bone
at 24 months. Thirteen of 21 evaluable (62%) had resolmarrow. Six patients had an echocardiographic interven-
ution of the clonal plasma cell disorder, and 11 of 17 (65%tricular septal thickness15 mm. The ejection fraction was
experienced improvement of amyloid-related organ<60% in two. Seven of the 19 patients died, four before
involvement. There were three patients who had relapseday 100; two of pneumonia, one of multiorgan failure, and
between 12 and 24 months. There was a marked reductiamne of sudden cardiac death with autopsy evidence of sev-
of proteinuria in nine patients with renal involvement, andere cardiac amyloid. Two subsequently died of progressive
two of three patients with predominant neuropathiccardiac amyloid, having failed to show a response to trans-
involvement had complete resolution of autonomic and perplants at 7 and 9 months, respectively. One responded and
ipheral neuropathy. Adverse predictors of survival includedsubsequently progressed, dying of cardiac amyloid at 22
more than two major organ systems involved or predomi-months.
nant cardiac involvement. There was also one patient who Twelve patients are alive post transplant with a median
developed acute nonlymphocytic leukemia, presumablyollow-up of 13 months, and nine patients had objective
related to prior exposure to melphalan. Two patients diedesponses. Six of these patients had renal amyloid only.
after stem cell collection before receiving conditioning There was one nonresponder and two were inevaluable
chemotherapy. Three of the 25 patients died within 100wing to short follow-up. Three of the responses toce®
days after transplantation. months, consistent with the long time required for resol-

Treatment-related toxicity included the development ofution of amyloid deposits. Gastrointestinal tract bleeding
moderate renal failure with a creatinine value of 4.9 mg/dlwas seen in two. An additional three required prolonged
in one patient. Delayed platelet engraftment was seen ienteral and parenteral nutrition. Five had significant cardiac
one patient who had received prior melphalan therapy. Irarrhythmias, either during stem cell collection or post
patients with predominant cardiac involvement, treatmentiransplantation.
related mortality was 38% There was a 39% incidence
of bleeding, particularly gastrointestinal tract bleeding.

An abstract presented at the 1998 American Society oToxicity of transplantation for AL
Hematology meeting updated the results to 102 patients
receiving high-dose melphaldh. The median age of The first multicenter survey on the outcome of transplan-
patients was 55 years. Patients with advanced age dation was published in 1998, and the results were sobering.
reduced cardiac or renal function received 100 orA retrospective survey in France found 21 patients had
140 mg/nt of melphalan. Three-month treatment-relatedundergone transplantation for AL: 18 with melphalan alone
mortality was 15%. The survival in patients whose pre-and three with melphalan plus total body radiation. The
dominant organ involvement was cardiac was 33% comsdeath rate from toxic reactions was 43%: nine of 21 died
pared with 83% survival for renal patients. The rate of com-within the first month after transplantation. Although 10 of
plete hematologic response was 5%%kFollowing the the 12 surviving patients achieved a response, all nine
encouraging publication of these results, the accreditatiodeaths were due to multiorgan failure, including one patient
subcommittee of the European Group for Blood and Mar-with severe bleeding. The median time from diagnosis of
row Transplantation held a consensus conference and addéd. to transplantation was 11 months, with one patient
AL to the list of indications for transplant procedures, cate-undergoing transplantation at 20 months, suggesting patient
gorizing autologous transplant for AL as a technique to beselection may have occurred. Half of patients with amyloid
undertaken in an approved clinical research protocol angvould be expected to have succumbed to the disease by
considered sibling donor allotransplant as developmentahe time they were ready for transplantation at 1 year. The
in nature?® number of organs clinically involved at the time of trans-

We have conducted a study of stem cell transplantatioplantation (that is, kidney, heart, liver, or nerve) was prog-
and have been impressed with the high morbidity and mornostic. For patients presenting with two or more clinical
tality compared with stem cell transplantation for multiple manifestations, the 4-year overall survival was 11.1%. The
myeloma. Between January 1996 and September 1998, 2k of death from toxic response when two or more organ
AL patients had stem cells collected. All cells were col- dysfunctions were documented was’5%, reflecting the
lected after priming with cyclophosphamide (3 g)nfiol- need for careful patient selection before application of
lowed by granulocyte—macrophage colony-stimulating facthis procedurg®
tor (5ug/kg per day). Fifteen of the patients received The group from Hammersmith evaluated 27 patients who
melphalan (140 mg/&) and total body radiation (12 Gy), received high-dose melphalan (from 100 to 200 nfy/m
and four patients received melphalan alone. Three patientBhere were eight treatment-related deaths (30%) due to
never had stem cells transplanted after collection owing tanultiorgan failure: gastrointestinal tract hemorrhage in two
poor performance status. Two died of progressive amyloicind sepsis and cardiac complications in one each. A clonal
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response of marrow plasma cells was seen in 64% oplants for myeloma. Patients who have clinically significant
patients and clinical organ regression in 57%. Seventeen afardiac amyloid should not receive transplants because five
the 27 patients were alive at the time of publication. Thisof the six deaths observed in our program were in patients
group confirmed that there was a higher response rate thamho had cardiac amyloidosis. The best results were
traditionally seen with conventional chemotherapy, but theachieved in patients with isolated renal amyloidosis as the
procedure carried a substantial mortality risk, and exclusiomnly manifestation of their diseag&lt does not appear that
of high-risk patients is justified to avoid the unacceptablytreatment-related mortality was any higher in patients con-
high treatment-related mortalify.Nine patients underwent ditioned with melphalan and total body radiation than in
transplantation and were reported by Amoetaal® Four  those conditioned with melphalan alone.
of nine patients died within the first year after transplan-
tation (treatment-related mortality, 44%). Five are alive
with a mean follow-up of 12.6 months. There were four Conventional treatment of younger patients
responses and one progression. Three of the four patients
who died had cardiac amyloid, and the fourth had renalPatients receiving transplants for amyloidosis are a highly
intestinal, and peripheral nerve amyloid. selected group of patients by virtue of age, performance
The development of multiorgan failure and gastrointes-status, number of organs involved, and the absence of
tinal tract bleeding appears to be the result of toxicimportant cardiac involvement. It is difficult to know what
responses to transplantation occurring more frequently ithe survival of a comparable control group would be. It
patients with amyloidosis than in those who receive transwould be expected to be greater than the 13 months
plants for other indications. Gastrointestinal tract bleedingeported for all AL patients. Dispenzieet aF’ reviewed
is unusual after autologous transplant and appears to ke amyloid database of the Mayo Clinic from 1983 to 1997
specific to patients with AL. Although the group from Little to select those patients who would theoretically be eligible
Rock reported that the presence of amyloid does not influfor stem cell transplants. The liberal criteria included symp-
ence the outcome of transplantation in patients with multomatic disease, the absence of multiple myeloma,<cige
tiple myeloma, these patients did not actually have a trugears, a ventricular septal thicknessl5 mm, a cardiac
systemic amyloid syndront@.These patients had a screen- ejection fraction >55%, a creatinine concentration
ing fat aspirate test performed during the assessment 6f£2 mg/dl, an alkaline phosphatase vaki8 times normal,
their newly diagnosed multiple myeloma, and a positiveand a direct bilirubin value<2 mg/dl. Of the 1288 patients
result for the fat aspirate did not impact on outcome. Thesaeen during this 14-year period, 234 met the eligibility cri-
results should not be construed as indicating that amyloideria. The median age was 57 years, with 131 males and
does not increase the morbidity and mortality of transplan103 females. One hundred and twenty-one had nephrotic-
tation. The majority of patients had incidental amyloid range proteinuria. Heart, liver and nerve involvement were
deposits. Only seven of 84 had an amyloid organ-specifipresent in 98 (42%), 13 (5 1/2%) and 36 (16%) patients,
syndrome. Even in this circumstance, one of the deatheespectively. With a median follow-up of 44.5 months, 150
reported was related to organ failure from amyloidosis. Thigatients have died, with a median survival of 45.6 months.
was the only patient who had evidence of multiorgan amy- The most significant prognostic factors by multivariate
loid involvement pretransplant. Responses includedanalysis were age, alkaline phosphatase value, and 24-h
regression of hepatomegaly in one and improved functionalirine monoclonal protein excretion. For patients younger
status in pulmonary amyloidosis in a secéAd.oxic reac- than age 50, age 51-60 and age 61-70 years, the median
tions that have been reported include progressive impairsurvivals were 60.6, 46.3 and 30.2 months, respectively.
ment of renal function in a patient with renal amyloidosis The survival for patients with a normak increased alka-
associated with delayed engraftméht. line phosphatase value was 5@$17.1 months. It is clear
The first two reports of transplantation for amyloidosis from this cohort of patients that eligibility to receive a
appeared as correspondence in 1992 and 1993. In the firsansplant is a favorable prognostic factor which predicts
report, Mehteet aP* reported on a patient who 3 days after for a better outcome than unselected patients with AL. At
transplantation had massive gastrointestinal tract hemorrtpresent, the 4-year survival rate with stem cell transplant
age and died 14 days later, and the seédreported on a is unknown, but patients eligible for a stem cell transplant
patient who died 74 days post graft with respiratory failure.are inherently a good risk population with a superior
In an extensive review? the British group noted that a 63- median survival of 46 months. Therefore, it will become
year-old patient died as a result of intestinal tract hemorrhimperative to stratify patients receiving transplants for risk
age, having presented with gastrointestinal tract symptomgactors known to impact on survival in this disease.
A fatal gastrointestinal tract perforation has also been
reported on day-4 after stem cell transplantatiéf.
Four amyloidosis patients were reported, of which oneConclusion
patient conditioned with melphalan went on to develop
dialysis-dependent renal failure with subsequent cataThe response rates in patients with amyloidosis who receive
strophic gastrointestinal tract hemorrhage and died on dag stem cell transplant appear to be higher than those seen
97. A second patient developed post-transplant bronchdn patients treated with traditional melphalan and predni-
pneumonia and died on day 37%4. sone® The morbidity and mortality associated with the pro-
We concluded that blood cell transplants for amyloidosiscedure are clearly higher than in patients with multiple
have a much higher morbidity and mortality than trans-myeloma or other hematologic malignancies undergoing
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stem cell transplant. There is an unusually high rate of gasl4
trointestinal tract toxicity, with significant gastrointestinal
tract hemorrhage. Cardiac complications, including arrhyth-
mias, appear to be unexpectedly prevalent. Patients eligible
for transplant have an inherently better prognosis and 5
therefore, outcomes must be compared with a matched con-
trol group. At present, the response duration and actuarial
median survival cannot be determined with accuracy. Theg
optimal conditioning regimen and the best priming for stem
cell collection have not been tested adequately. Current pro-
tocols are focusing on melphalan doses of 80 to 140 rag/m
in an effort to reduce toxic responses and maintain the7
higher response rates.
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