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Abstract
Current response criteria for light-chain amyloidosis (AL) relegate FLC response to a subsidiary
status relative to serum M-protein response. Given that light chains form the substrate for amyloid
fibril formation, we hypothesized that changes in FLC might better predict outcome compared to
changes in intact immunoglobulin levels. Two patient cohorts were studied, 347 patients who
underwent an autologous stem-cell transplant (SCT) and 96 patients treated with melphalan/
dexamethasone. We identified the lowest value following therapy for intact serum M-protein and
the difference between involved and uninvolved FLC (FLC-diff). We first examined the relative
contribution of M-protein and FLC-diff on the overall survival (OS), and found that FLC
reduction, rather than M-protein reduction, significantly impacted OS. The median OS was not
reached among those with a 50% decrease in FLC-diff compared to 20 months for the remainder.
On regression analysis, a 90% reduction in FLC-diff following SCT best predicted being alive at 3
or 5 years. The median OS among those with a 90% decrease was not reached compared to 37.4
months for the rest P < 0.001. The current study supports the notion that FLC response is a more
useful measure of hematological response than M-protein response. It also highlights the
importance of achieving at least a 90% reduction in the FLC-diff to improve the outcome of
patients with light-chain AL. Am. J. Hematol. 86:251–255, 2011.

Introduction
Primary systemic or light-chain amyloidosis (AL) is characterized by clonal proliferation of
plasma cells and deposition of immunoglobulin light chain derived amyloid fibrils in various
organs [1–3]. Patients with AL, especially in the presence of advanced organ involvement,
have a poor outcome [4]. Current treatments for AL are aimed at eradicating the clonal cells
in order to reduce the availability of light chains for amyloid formation [5,6]. Effective
elimination of the clonal cells has been associated with improvement in organ function and
prolongation of survival [6]. The efficacy of treatment can be measured both in terms of the
reduction of the clonal plasma cell burden (hematological response) as well as improvement
in the organ function (organ response) [5]. The hematological response has traditionally

© 2010 Wiley-Liss, Inc.
*Correspondence to: Shaji Kumar, Associate Professor of Medicine, Division of Hematology, Mayo Clinic, 200 First Street SW,
Rochester, MN 55906, USA. kumar.shaji@mayo.edu.

Conflict of interest: SKK was involved in design of concept, data collection, analysis, and writing the paper, AD, MQL, SRH, SRZ,
FKB, NL, RAK, SVR, and MAG were involved in writing the manuscript. AD, Honoraria from Binding site for lecture. RAK,
Honoraria from Binding site for lecture. SKK, MQL, SRH, SRZ, FKB, NL, SVR, and MAG none relevant to this manuscript.

NIH Public Access
Author Manuscript
Am J Hematol. Author manuscript; available in PMC 2013 September 15.

Published in final edited form as:
Am J Hematol. 2011 March ; 86(3): 251–255. doi:10.1002/ajh.21948.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



been estimated by the amount of monoclonal protein in the serum or urine while parameters
of organ function have been defined for estimating organ response. Given the typically long
time interval between hematological response and organ improvement, and studies showing
good correlation between degree of hematological response and subsequent organ response,
short-term assessment of treatment efficacy has been performed using hematological
response as a surrogate for organ response and survival [6–9].

Monoclonal protein in the blood and urine has been traditionally measured using
electrophoretic methods, which are technically more suitable for measuring intact
monoclonal proteins rather than clonal-free light chains [10]. More recently, the introduction
of the serum-free light-chain assay has enabled accurate estimation of kappa and lambda
light chains circulating unbound to a heavy chain [7,11,12]. Given that the serum-free light
chain forms the substrate for amyloid fibril formation rather than the intact immunoglobulin,
we hypothesized that changes in serum-free light chain (sensitive to changes of 1 mg/dL)
will be a better predictor of organ improvement and survival outcomes in patients with AL
compared to changes in the intact immunoglobulin (sensitive to changes of 50 mg/dL).
However, hematological response assessment currently uses the myeloma response criteria,
which depend primarily on changes in intact immunoglobulin measured by serum protein
electrophoresis. This study was designed to compare changes in serum FLC measurements
to changes in SPEP measurements to determine which measurement is a better predictor of
outcome in patients with AL. We specifically wanted to examine the impact of free light
chain decrease following treatment on outcome among patients with AL, compare serum
FLC and serum M-spike responses in terms of eventual outcome, and identify the degree of
FLC reduction associated with the best outcome.

Patients and Methods
Study population

Two separate cohorts of patients were included in the current study, 347 patients with AL
who underwent an autologous stem-cell transplant (SCT group) and a separate group of 96
patients with AL treated with melphalan and dexamethasone combination (Mel-Dex group),
who never underwent a stem-cell transplantation. All patients had biopsy proven light-chain
AL. Serum M-protein and FLC measurements (FLC-diff: involved-uninvolved FLC) from
baseline and the lowest measurements during follow up, before any other therapy, were
collected from medical records and from a prospectively maintained clinical database. The
Mayo Foundation Institutional Review Board (IRB) approved the study, and all patients
consented to have their medical records reviewed according to IRB practices and Health
Insurance Portability and Accountability Act Guidelines.

Treatments
Stem-cell collection, conditioning therapy, and supportive care were as previously reported
[13]. Briefly, stem cells were collected following priming with G-CSF alone. G-CSF was
administered subcutaneously (10 μg/kg) daily until the completion of peripheral blood stem-
cell collection with apheresis beginning on the 5th day after starting G-CSF, provided
adequate peripheral blood CD34 counts were achieved. All patients undergoing SCT
received conditioning with melphalan alone, usually given at 200 mg/m2 divided over 2
days (100 mg/m2 days −2 and −1). In some patients, melphalan was dose reduced to 140
mg/m2 because of advanced age, renal insufficiency, advanced organ involvement, or poor
performance status based on treating physician discretion. Melphalan and dexamethasone
were given according to previously published regimen [14]. In a proportion of patients, oral
melphalan was replaced by intravenous melphalan given at 16 mg/m2 once every month.
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Laboratory methods
Serum protein electrophoresis was performed as previously described. Serum FLC values
were either obtained from medical records or measured on archived serum samples as part
of a previous study [4]. Immunoglobulin FLC quantitation was carried out as previously
described using a serum FLC assay (Freelite; The Binding Site Limited) performed on a
Siemens BNII nephelometer (Deerfield, IL). The FLC estimation consists of two separate
assays: one to detect free-κ and the other to detect free-λ light chains. The reference range
for κFLC is 0.33–1.94 mg/dL; for λFLC is 0.57–2.63 mg/dL, and for the κ:λ ratio is 0.26–
1.65. The clonal-free light chain is considered the “involved” immunoglobulin-free light
chain for the purpose of the analyses (iFLC) and the other light chain is referred to as the
“uninvolved” light chain (uFLC).

Statistical analysis
Fisher’s exact test was used to test differences in nominal variables. Differences in
continuous variable between groups were compared using Mann–Whitney or Kruskal–
Wallis tests. Survival curves were constructed according to the Kaplan–Meier method, and
the survival curves were compared using the log rank test. The impact of the change in FLC-
diff and M-spike on overall survival (OS) was examined using Cox-proportional hazards;
both as continuous variables as well as by dichotomizing with specific cut-offs. Logistic
regression was used to identify cutoffs for these measurements that best predicted survival.
All analyses were performed using JMP Statistical software (SAS, Cary, NC).

Results
The first cohort of 347 patients undergoing an autologous SCT for AL had a median age of
57 (range, 31–75) years at diagnosis, 199 (57%) were male, and the median (range) duration
from diagnosis to SCT was 4 months (1 month to 6 years). The median estimated follow up
for the entire cohort was 72 months (95% CI; 64, 75), and 211 (61%) patients were alive at
last follow up. The baseline clinical characteristics and transplant related factors are as
described in Table I. Thirty-nine patients (11%) died within 100 days of transplant and were
not considered evaluable for response assessments.

We first examined the impact of the magnitude of decrease in serum M protein (M-protein)
and the serum FLC difference (FLC-diff) following therapy on the OS following SCT
among patients with serum levels traditionally considered as measurable disease (M-protein
> 1.0 g/dL; FLC-diff > 10 mg/dL). In a univariate analysis, using the decrease in M-protein
and FLC-diff as continuous variables, we found that the magnitude of decrease in FLC-diff
as well as the decrease in M-protein was predictive for longer OS from transplant; however,
FLC-diff was associated with a higher hazard ratio (Table II). We then examined both these
variables in a multivariate model that included 24 patients who had measurable disease by
both criteria and found that changes in FLC-diff were a more powerful predictor of OS
following SCT. Given the current response criteria that use a 50% reduction in the M-
protein or FLC-diff for a partial response, we repeated the analysis using this cutoff. In
univariate analysis, a 50% decrease in either M-protein or FLC-diff was significantly
associated with better OS following SCT. In a multivariate analysis that included both the
variables, only a 50% reduction in the FLC-dif was predictive of OS (Table III). Among
those with baseline FLC-diff ≥ 10 mg/dL (n = 125), the median OS from SCT was not
reached for those with at least a 50% decrease in FLC-diff compared to 20 months (95% CI;
3, 22) for the remainder, P < 0.01 (Fig. 1A). When all patients with a baseline FLC-diff >
7.5 mg/dL were included (n = 147), the median OS for those with 50% decrease in FLC-diff
was not reached compared to 22 months (95% CI; 3, 26) for the rest (P < 0.01).
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We then performed logistic regression to identify the best reduction of FLC-diff that predicts
being alive at 3 and 5 years. The best cutoff was a 90% reduction in FLC-diff following
SCT among patients with baseline FLC-diff > = 10 mg/dL (n = 125). The median OS
following SCT among those with a 90% decrease in FLC-diff (n = 77) was not reached
compared to 37.4 months (95% CI; 32, 58) for the remaining patients (n = 48), P < 0.01
(Fig. 1B). The results were similar when including patients with baseline FLC-diff > = 7.5
mg/dL. When considering this group of patients, median OS following SCT among those
with a 90% decrease in FLC-diff (n = 89) was not reached compared to 42.9 months (95%
CI; 32, 58) for the remaining patients (n = 58), P < 0.01.

We then validated these endpoints in a cohort of 96 patients who were treated with
Melphalan and Dexamethasone combination to examine if these results were applicable in
the non-SCT setting. The median age at start of treatment was 64 years (range, 38–82) and
64 (67%) were male (Table IV). The median estimated follow up was 23 months (95% CI;
20, 26) and 36 (40%) were alive at last follow up. Compared to the SCT cohort, only 14% of
patients had an M-protein > = 1.0 gm/dL and only 20% had an M-protein > = 0.5 gm/dL. In
contrast, nearly three quarters of the patients had a measurable FLC-diff (>10 mg/dL). In
fact, only 10 patients had both an M-protein > = 1.0 gm/dL and an FLC-diff > = 10 mg/dL.

The median OS from start of therapy was not reached for those with > = 50% decrease in
FLC-diff compared to 12.2 months (95% CI; 3, 49) for the remainder, P < 0.01 (Fig. 2A).
Similarly, the median OS for those attaining a 90% decrease in FLC-diff was not reached
compared to 15.3 months (95% CI; 11, 49) for the remaining patients, P < 0.01 (Fig. 2B).
Among the patients undergoing SCT, 96% and 38% of the patients surviving beyond day
100 (n = 125) had a 50 and 90% reduction in the FLC-diff, respectively. In comparison, 78%
and 47% of patients among the Mel-Dex group receiving at least three cycles of therapy (n =
85) had a 50% and 90% reduction, respectively.

Discussion
AL represents a plasma-cell proliferative disorder with low-clonal burden in the majority of
patients [15,16]. In contrast to multiple myeloma, the immunoglobulin-free light chain
secreted by the clonal plasma cells is responsible for the clinical manifestations being the
substrate for amyloid fibril formation. Given the current treatment approaches that target the
eradication of plasma cell clone, assessing hematological response is the only avenue to
determine early, if the treatment is being successful [5]. Organ responses traditionally have
been slow to appear and are usually dependent on an adequate hematological response. The
traditional approach to hematological response assessment has followed the same guidelines
as in patients with myeloma, using serum protein electrophoresis for serial measurement of
monoclonal protein, thus limiting its utility mostly to those patients with an intact
immunoglobulin of sufficient size [5]. However, much progress has been achieved during
the past decade, which makes it imperative that we revise this approach in patients with AL.

The introduction of the serum-free light-chain assay currently allows us to estimate the
amount of free immunoglobulin light chains in the serum, which represents the true
measurement of the available substrate for amyloid fibril formation [7,11,12,17–22]. Hence
an assessment of the changes in the serum FLC is more likely to represent the clinically
relevant endpoint than changes in the intact immunoglobulin [23]. A serum M-spike of 1
gm/dL or more has been defined as the minimum amount of M protein in the serum that is
required to consider a patient as having measurable disease in the currently used response
criteria [10,24]. This number has been based on the precision of the electrophoretic methods
currently used for serum M protein estimation. However, as we have seen in the current
study as well as previous studies, the proportion of patients with AL who have a measurable
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level of M-protein is considerably less compared to patients with myeloma, given the low-
tumor burden state [18,25]. In contrast, an abnormally high level of free light chain can be
seen in the majority of patients with AL. More importantly, in a large proportion of these
patients, the difference in the levels between involved and uninvolved light chains is higher
than 10 mg/dL, allowing precise estimates of changes with therapy. In addition, changes in
free light-chain levels can typically be estimated earlier compared to the intact
immunoglobulins, given the normal half-life and turnover rates of the two components.
Finally, the newer therapies are associated with better responses and availability of a more
sensitive parameter of response assessment is urgently needed [26–30].

In the current study, using a cohort of uniformly treated patients, we have demonstrated that
change in the FLC-diff is a better predictor of OS outcome compared to the change in the
intact immunoglobulin. Whether the comparison was performed using these variables as a
continuous variable or using the traditional cutoff of 50% decrease, the FLC change allowed
better prediction of outcome. We only included the patients surviving at least 100 days after
transplant to allow adequate time for the development of a response to therapy. More
importantly, we found that a 90% decrease in the FLC-diff is a better predictor of long-term
survival compared to current definition of 50% decrease for assessing partial response.
Although this is similar to the VGPR response in the current criteria used for myeloma, the
90% reduction in FLC-diff is a better goal in patients with AL for several reasons [10]. The
majority of patients in the current study achieved a 50% decrease in the FLC-diff providing
little discriminatory value for this cutoff in terms of any treatment decisions. In contrast, a
90% decrease was seen only in 38% of patients and predicted a superior outcome with a
90% survival at 5 years, thus allowing clinicians to adapt therapy in patients failing to
achieve this goal. These findings are consistent with the previous reports suggesting the best
outcomes with achievement of a complete response determined by current criteria. In
addition, we were also able to confirm the prognostic value of this degree of FLC reduction
in a separate cohort of patients not undergoing SCT, underscoring that this goal is
independent of the type of therapy. It is not surprising that a profound reduction in the
amyloid substrate is more likely to translate into eventual organ improvement and improved
survival.

In conclusion, we recommend that the serum-free light chain be used as the primary marker
for hematological response assessment in patients with light-chain AL, and the intact
immunoglobulin be used only in the few patients where a measurable level of FLC-diff is
not available and a serum M-protein meets the measurable disease criteria (> = 1 gm/dL).
We also recommend that a 90% decrease in the serum FLC-diff be considered as the
minimum for defining hematological response in these patients. We propose that for study
purposes a lower level of FLC-diff of 7.5 mg/dL be the lowest level considered measurable
for response.
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Figure 1.
Panel A shows the relationship between a 50% decrease in the FLC-diff and the overall
survival (OS) from transplant among patients who survived at least 100 days posttransplant
and who had a baseline FLC-diff > = 10 mg/dL. The median OS from SCT was not reached
among those with a 50% decrease in FLC-diff (n = 120) compared to 20 months (95% CI; 3,
22) for the remaining patients (n = 5). Panel B shows the relationship between a 90%
decrease in the FLC-diff and the OS from transplant among patients who survived at least
100 days posttransplant and who had a baseline FLC-diff > = 10 mg/dL. The median OS
among those with a 90% decrease in FLC-diff (n = 77) was not reached compared to 37.4
months (95% CI; 32, 58) for the remaining patients (n = 48), P < 0.001. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 2.
Panel A shows the relationship between a 50% decrease in the FLC-diff and the overall
survival (OS) from start of therapy among patients who received at least three cycles of
therapy with melphalan and dexamethasone and who had a baseline FLC-diff > = 10 mg/dL.
The median OS was not reached for those with > = 50% decrease in FLC-diff compared to
12.2 months (95% CI; 3, 49) for the rest, P < 0.001. Panel B shows relationship between a
90% decrease in the FLC-diff and the OS from start of therapy among patients who received
at least three cycles of therapy with melphalan and dexamethasone and who had a baseline
FLC-diff > = 10 mg/dL. The median OS for those attaining a 90% decrease in FLC-diff was
not reached compared to 15.3 months (95% CI; 11, 49) for the remaining patients, P <
0.001. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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TABLE I

Baseline Variables Before Stem-Cell Transplantation and Transplant-Related Factors (N = 347)

Variable Median (Range)

Age at SCT 58 years (31–75)

Gender: male (%) 199 (57%)

Duration: diagnosis to transplant 4 months (0.5–75)

Serum creatinine 1.1 mg/dL (0.6–12)

Serum albumin 2.7 g/dL (0.8–4.4)

Bone marrow plasma cell % 7 (0–78) %

Number of organs involved 2 (1–3)

 Heart 147 (50%)a

 Kidney 240 (69%)a

 Liver 52 (15%)a

Treatment before SCT 147 (42%)a

Conditioning regimen: reduced dose Melphalan 123 (35%)a

Serum M Protein and free light chain (FLC) measurements

Serum M-Spike (gm/dL) 0.1 (0–3.9)

 Serum M-spike ≥ 1.0 gm/dL 63 (18%)a

 Serum M-spike ≥ 0.5 gm/dL 106 (31%)a

Serum FLC difference (Involved-uninvolved) (mg/dL) 14 (0–900)

 Serum FLC-diff ≥ 10 mg/dL 167 (57%)a

 Serum FLC-diff ≥ 7.5 mg/dL 193 (66%)a

Heavy chain present 52%a

Kappa light chain/lambda light chain 23%a/76%a

a
N (%).
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TABLE IV

Baseline Variables Prior to Start of Melphalan and Dexamethasone (N = 96)

Variable Median (range)

Age at SCT 64 (38–82) years

Gender: male (%) 64 (67%)

Duration: diagnosis to treatment 1.1 months (0.1–39)

Serum creatinine 1.2 mg/dL (0.5–9.4)

Serum albumin 3.6 gm/dL (1.8–4.2)

Bone marrow plasma cell % 10% (0–65)

Number of organs involved 2 (1–3)

 Heart 75 (78%)a

 Kidney 57 (59%)a

 Liver 29 (30%)a

Serum M Protein and free light chain (FLC) measurements

Serum M-spike (gm/dL) 0.0 (0–4.4)

 Serum M-spike ≥ 1.0 gm/dL 13 (14%)a

 Serum M-spike ≥ 0.5 gm/dL 19 (20%)a

Serum FLC difference (Involved-uninvolved) (mg/dL) 26 (0.6–433)

 Serum FLC-diff ≥ 10 mg/dL 70 (73%)a

 Serum FLC-diff ≥ 7.5 mg/dL 78 (81%)a

a
N (%).
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