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The degrees of plasma cell clonality and marrow infiltration adversely
influence the prognosis of AL amyloidosis patients
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Background and Objective. Primary amyloidosis is a
lethal form of plasma cell (PC) dyscrasia character-
ized by deposits of monoclonal immunoglobulin light
chains that cause organ dysfunction. In contrast to
multiple myeloma, the amyloid clone is typically indo-
lent and of small size, and marrow PC clonality is not
always apparent. This is generally investigated by
analyzing the light chain isotype ratio in bone marrow
PC. We investigated whether the degree of PC infil-
tration (PC%) and clonality (PC isotype ratio) affect-
ed survival in 56 consecutive patients with primary
amyloidosis.

Design and Methods. PC% was determined by mor-
phologic examination. Immunofluorescence micro-
scopy was used to determine the PC light chain iso-
type ratio. Statistical analysis was carried out using
Cox regression models.

Results. The degrees of PC clonality and infiltration
were inversely correlated with survival (PC isotype
ratio, p = 0.001; PC%, p = 0.008). The two variables
were weakly correlated (p = 0.02; r = 0.3). Bone mar-
row PC isotype ratio demonstrated a powerful inde-
pendent prognostic value at multivariate analysis
when analyzed together with congestive heart failure
(the major known negative prognostic factor) and
PC%. k/l ratio cut-off values of 0.2 (l patients, p =
0.022) and 16 (k patients, p = 0.03) discriminated
two groups with a similar number of patients and sig-
nificantly different survivals.

Interpretation and Conclusions. PC clonality and mar-
row infiltration are important parameters that influ-
ence prognosis, presumably because they reflect the
amount of pathogenic light chain synthesis. 
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In primary (AL) amyloidosis, small numbers of bone
marrow plasma cells (PC) secrete monoclonal light
chains that form extracellular fibrils, amyloid, which

display a typical apple green color when observed
under polarized light after Congo red staining.1 In con-
trast to the situation in multiple myeloma, variable
numbers of normal PC coexist2 and clonality is not
always apparent. This is generally investigated by ana-
lyzing the light chain isotype ratio through immuno-
fluorescence microscopy, a technique that is routinely
employed for diagnosis3,4 and patient follow-up.3

AL amyloid causes progressive organ dysfunction,
leading invariably to death. The survival range is
wide, depending primarily on the extent of damage
to vital organs, particularly the heart.5,6 In a series of
474 cases collected over 12 years at the Mayo Clin-
ic, the median survival of patients with congestive
heart failure (CHF) at diagnosis was only 4 months
– in sharp contrast to the 26-month life expectancy
of patients with exclusive involvement of the periph-
eral nervous system.5

In addition to the degree of damage to major
organs, factors related to the PC clone, such as high
titer of b2 microglobulin,7 may have a negative
impact on prognosis. In this report, the possible
impact on survival of the degrees of marrow infiltra-
tion (PC%) and of PC clonality (PC light chain iso-
type ratio) were investigated in 56 consecutive un-
selected patients with primary amyloidosis.

Design and Methods

Patients
The patient population consisted of 56 consecutive

unselected cases of primary amyloidosis, including
one that met the criteria for smoldering myeloma [the
current definition of primary amyloidosis includes
patients with more than 20% marrow PC but no signs
of active myeloma (renal failure, hypercalcemia, bone
lesions), i.e. patients with smoldering myeloma].
Amyloid deposits were identified by Congo red stain-
ing on tissue biopsies and/or abdominal fat aspirates.
Patients showed a monoclonal component at immu-
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nofixation of serum or urine and/or an altered PC light
chain isotype ratio or monotypic light chain deposits
at immunohistochemistry. Clinical pictures were sug-
gestive of primary amyloidosis and family histories
were negative for hereditary forms. An association with
clinically overt multiple myeloma was excluded by the
absence of osteolytic bone lesions, generalized osteo-
porosis, or hypercalcemia, and by the fact that the
BMPC <20%.

Bone marrow studies
Patients gave informed consent to BM aspiration.

PC percentages were evaluated on May-Grünwald
Giemsa stained slides. Marrow PC clonality was
assessed by double-staining immunofluorescence on
Ficoll-separated cells using fluorochrome-conjugated
anti-light chain isotype antisera (Dako, Glostrup,
Denmark).3 Five hundred PC were counted for each
patient. Clonality is indicated by a k/l isotype ratio
<1.1 (l PC clone), or >2.6 (k clone).3

Statistics
Standard univariate and multivariate statistical

methods were employed. The Cox proportional haz-
ard model was applied to estimate the influence of
the variables on survival and to compare their poten-
cy. For uni- and multivariate analyses, the isotype
ratios were expressed as k/l in the k group, and l/k
in the l patients. Logarithmic transformation served
to improve the normality of the PC% and the isotype
ratio distribution. Survival was estimated by the
Kaplan-Meier method.

Results

Patient population
The characteristics of the population of patients

analyzed in this study are summarized in Table 1.
Patients were treated with melphalan and prednisone.
Fourteen (25%) were responsive (reduction of the
monoclonal component by more than 25% and ame-
lioration of organ dysfunction), 22 (39%) were non-
responders, and 20 (36%) were not available for eval-
uation of response because of early death (≤ 6 months
from diagnosis, 8 patients) or because of insufficient
clinical and/or laboratory assessment of organ func-
tion. Since the aim of the study was to analyze the
impact on survival of marrow PC clonality and infil-
tration, and not of therapy, all patients were included
in the study. Twenty-four of the 56 patients (43%)
were alive at the time of statistical analysis, the others
having died from amyloidosis-related causes.

Serum/urine immunofixation and bone marrow
studies

A monoclonal component was present at immuno-
fixation of serum/urine in 52 patients (93%, Table
1). Bone marrow PC clonality was analyzed by the
light chain isotype ratio and was observed in 44 cas-
es (79%, Table 1). Similar proportions of positive cas-
es have been reported in smaller series.3,4 The size of
the amyloidogenic clone was insufficient to generate

abormal isotype ratios in 6 k and 6 l cases (values
were in the reference ranges of ≥ 1.1 and ≤ 2.6,
respectively). The median bone marrow PC k/l ratio
for k patients was 8.26 (range 1.1-124), whereas for
l patients it was 0.17 (range 0.004-1.87). Three of
the four patients without a detectable monoclonal
component at immunofixation clearly showed an
expansion of k (k/l ratio= 9.87 and 8.26) and one
of l PC (k/l ratio= 0.07) in the bone marrow. Mono-
clonal immunoglobulins are often present in very low
concentrations in amyloidosis because of catabo-
lism, tissue deposition or reduced synthesis; patients
can therefore be negative at immunofixation, but evi-
dence of marrow PC clonality permits a diagnosis of
light-chain derived amyloidosis.3,4 The tissue biopsy of
the single patient negative at both analyses showed
monotypic k light chains. Overall, 35 patients had l
(62.5%) and 21 k (37.5%) AL amyloidosis (Table 1).

Statistical analysis for prognostic factors
A previous analysis for prognostic factors in a series

of 125 AL amyloidosis cases showed that CHF was
the most important independent variable affecting
survival, followed by hepatomegaly and the number
of organs involved.8 CHF and hepatomegaly were
also identified in a series of 168 patients seen at the
Mayo Clinic.9 Table 2 shows the results of univariate
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Table 1. Characteristics of the AL amyloidosis patients stud-
ied.

Demographics (n=56)
Age 55 y (median, range 29-80)
Men/women 38/18

Interval from diagnosis to therapy 2 m  (median, range 0-36)

Follow-up* 20 m (median, range 7-83)

Survival from diagnosis 34 m (median, range 1-84+)

l/k patients 35/21

Serum/urine immunofixation 93% of patients
monoclonal component

Bone marrow aspirate
clonal PC isotype ratio 79% of patients 
PC% 7%  (median, range 1-26)°

Organ predominantly involved n. of patients
heart 21
kidney 20
liver 7
peripheral nervous system 3
others 5

N. of organs involved n. of patients
1 12
2 23
3 13
4 8

*Follow-up of patients surviving longer than 6 months; °One patient met
criteria for smoldering myeloma. Abbreviations: y, years; m, months; PC,
plasma cells.
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statistical analysis in the current series of 56 patients:
CHF, PC% and bone marrow PC light chain isotype
ratio significantly affected survival (Table 2). Hepato-
megaly and the number of organs involved were not
significantly correlated in this series of patients.

Cox survival models were constructed for possible
combinations of a maximum of three variables (Table
2) at the same time, given the sample size. The most
powerful models are reported in Table 3. CHF and
PC isotype ratio showed independent prognostic val-
ue at multivariate analysis (Table 3, model 1), where-
as PC% was significant only if analyzed separately
with CHF (Table 3, model 2). This suggested that PC
isotype ratios and PC% were related; indeed, a direct
correlation between the two parameters was
observed (p = 0.02, r = 0.3). 

The search for a cut-off value indicated that the
influence of clonality values on survival was continu-
ous, i.e. there was more than one value that discrim-
inated groups with significantly different survivals.
Figure 1 shows Kaplan-Meier estimates of the sur-
vival curves for k/l ratio cut-offs of 0.2 (Figure 1A, l
patients, p=0.022) or 16 (Figure 1B, k patients,
p=0.03); these values identified groups composed of

a similar number of patients. At 24 months of follow-
up, only 45% of the l and 20% of the k patients in the
poor prognosis group were still alive, as compared to
about 75% survival among the others (Figure 1). For
a k/l ratio cut-off value of 0.1 (Figure 2), none of the
8 l patients with a ratio <0.1 was alive 20 months
from diagnosis, whereas about 65% of the other 27
l patients survived (p=0.002).

Discussion
Knowledge of the factors that may influence the

clinical course of AL amyloidosis is useful for esti-
mating prognosis and for deciding the most appro-
priate therapeutic approach. This is important, espe-
cially if one considers that high-dose chemotherapy
with peripheral blood stem cell rescue10 and heart or
kidney transplantation6,11 are now being proposed,
and these demanding therapeutic procedures can-
not be undertaken without information about the life
expectancy of individual patients. 

This study shows that the degrees of marrow PC

Table 2. Univariate survival analysis (Cox models) for prog-
nostic factors in the 56 patients studied.

Variables Coefficient p value

CHF 1.13 0.004
Hepatomegaly 0.65 0.09
N. of organs involved – 0.13 0.46
BMPC isotype ratio 0.40 0.001
PC% 0.70 0.008

Abbreviations: CHF, congestive heart failure; BMPC, bone marrow plasma
cells; PC, plasma cells.

Table 3. Comparison of different Cox survival models involv-
ing bone marrow PC isotype ratio, PC% and congestive
heart failure in the series of 56 patients studied.

Cox models Coefficient p value

Model 1
CHF 1.13 0.005
BMPC isotype ratio 0.30 0.020
PC% 0.55 0.060

Model 2
CHF 1.22 0.002
PC% 0.78 0.005

Model 3
CHF 1.06 0.007
BMPC isotype ratio 0.38 0.002

Abbreviations: CHF, congestive heart failure; BMPC, bone marrow plasma
cells; PC, plasma cells.

Figure 1. Kaplan-Meier estimates of the survival curves for
patients with AL amyloidosis stratified according to bone
marrow plasma cell k/l ratio values. A) l patients (#35);
B) k patients (#21).



221Prognosis and amyloidogenic clone

clonality and infiltration adversely influence the out-
come of AL amyloidosis patients without multiple
myeloma. Both the number of marrow PC and the
degree of light chain isotype disequilibrium demon-
strated strong negative predictive value (PC%, p =
0.008; PC isotype ratio, p = 0.001). Alteration of the
PC isotype ratio was more powerful and showed inde-
pendent prognostic relevance at multivariate analysis
(Table 3). k/l ratio cut-off values of 0.2 and 16 in the
l and k patients, respectively, discriminated groups
with significantly different survivals (Figure 1). 

In a previous study on 62 cases of AL amyloidosis
without multiple myeloma, Wu et al.12 suggested that
the degree of plasmacytosis found at bone marrow
biopsy was inversely related to patient survival (p =
0.033), but that the presence of clonality was not
(p = 0.13). As suggested by these authors, the latter
finding might be explained by the low sensitivity of
their method; Wu et al. assigned clonality when all
marrow PC stained with just one isotype, a feature
that was found in less than two-thirds of patients (40
of 62 cases, 64%). We measured the marrow PC iso-
type ratio and found that abnormal values were com-
mon (79% of patients) and strongly influenced clini-
cal outcome.

Though it remains true that, in some instances, a
few PC may synthesize small quantities of light chains
with high pathogenic potential that can rapidly lead
the patient to death, this study indicates that the
abundance of clonal PC, which relates both to PC
number and their isotype ratio, favors the progression
of the disease. Clones of increased size generally pro-
duce larger amounts of amyloidogenic light chains,
thus leading to accelerated organ damage.
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