VOLUME 32 -

JOURNAL OF CLINICAL ONCOLOGY

Brendan M. Weiss, University of Penn-
sylvania, Philadelphia, PA; Joseph
Hebreo, Naval Medical Center San
Diego, San Diego, CA; Daniel V.
Cordaro, Mark J. Roschewski, Thomas
Baker, Kevin C. Abbott, and Stephen
W. Olson, Walter Reed National Military
Medical Center, Bethesda, MD.

Published online ahead of print at
www.jco.org on July 14, 2014.

Supported by the Walter Reed National
Military Medical Center and the Armed
Forces Medical Surveillance Agency.

Presented in part at the American Soci-
ety of Nephrology, Philadelphia, PA,
November 8-13, 2011, and the Ameri-
can Society of Hematology, San Diego,
CA, December 10-13, 2011.

The views expressed in this paper are
those of the authors and are not official
views of the Department of Defense.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Brendan M.
Weiss, MD, Abramson Cancer Center,
University of Pennsylvania, Perelman
Center for Advanced Medicine-2
West, 3400 Civic Center Blvd, Phila-
delphia, PA, 19104; e-mail:
brendan.weiss@uphs.upenn.edu.

© 2014 by American Society of Clinical
Oncology

0732-183X/14/3225w-2699w/$20.00
DOI: 10.1200/JC0.2013.50.0892

NUMBER 25 -

SEPTEMBER 1 2014

ORIGINAL REPORT

Increased Serum Free Light Chains Precede the Presentation
of Immunoglobulin Light Chain Amyloidosis

Brendan M. Weiss, Joseph Hebreo, Daniel V. Cordaro, Mark J. Roschewski, Thomas P. Baker, Kevin C. Abbott,
and Stephen W. Olson

See accompanying editorial on page 2679
A B S T R A C T

Purpose
Patients with immunoglobulin light chain amyloidosis (AL amyloidosis) generally present with

advanced organ dysfunction and have a high risk of early death. We sought to characterize
monoclonal immunoglobulin (M-lg) light chains before clinical presentation of AL amyloidosis.

Patients and Methods

We obtained prediagnostic sera from 20 cases with AL amyloidosis and 20 healthy controls
matched for age, sex, race, and age of serum sample from the Department of Defense Serum
Repository. Serum protein electrophoresis with immunofixation and serum free light chain (FLC)
analysis were performed on all samples.

Results
An M-Ig was detected in 100% of cases and 0% of controls (P < .001). The M-lg was present in

100%, 80%, and 42% of cases at less than 4 years, 4 to 11 years, and more than 11 years before
diagnosis, respectively. The median FLC differential (FLC-diff) was higher in cases compared with
controls at all time periods, less than 4 years (174.8 v 0.3 mg/L; P < .001), 4 to 11 years (65.1 v
2.2 mg/L; P < .001), and more than 11 years (4.5 v 0.4 mg/L; P = .03) before diagnosis. The
FLC-diff was greater than 23 mg/L in 85% of cases and 0% of controls (P < .001). The FLC-diff
level increased more than 10% per year in 84% of cases compared with 16% of controls
(P < .001).

Conclusion
Increase of FLCs, including within the accepted normal range, precedes the development of AL

amyloidosis for many years.

J Clin Oncol 32:2699-2704. © 2014 by American Society of Clinical Oncology

sensitive assay can detect and quantify the patho-
genic LCs.> An M-Ig can be detected in 99% of

Immunoglobulin light chain amyloidosis (AL amy-  patients with AL amyloidosis by using the combina-

loidosis) results from the tissue deposition of
amyloid fibrils derived from monoclonal immuno-
globulin (M-Ig) light chains (LCs) produced by an
indolent clonal plasma cell disorder." Diagnosis is
based on detection of LCs and histologic evidence of
tissue amyloid deposition. Early diagnosis and
prompt treatment are essential to improve survival
in AL amyloidosis. Unfortunately for most pa-
tients, the disease goes unrecognized until severe
organ dysfunction develops, and nearly half die
within the first year of diagnosis, generally as a
result of heart failure or sudden death as a result of
cardiac involvement.?

Serum free light chain (sFLC) analysis has rev-
olutionized the management of monoclonal gam-
mopathies and AL in particular, because this

tion of sSFLC analysis, serum protein electrophoresis
(SPEP), and immunofixation electrophoresis
(IFE).* We and others have shown that an M-Ig is
present in nearly all patients years before the devel-
opment of multiple myeloma (MM).>® LC-only
M-Igs represent approximately 20% of monoclonal
gammopathies, and we have shown that it is the
precursor to LC MM.>” However, the presence and
characteristics of the pathogenic monoclonal LC be-
fore the clinical presentation of AL amyloidosis are
unknown. We hypothesized that production of the
pathogenic LC is ongoing for many years before the
development of organ dysfunction and clinical pre-
sentation of AL amyloidosis. Answering this ques-
tion will resolve a fundamental aspect of the
pathogenesis of AL amyloidosis and be a first step
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toward earlier diagnosis and improved outcome. To test this hypoth-
esis, we retrieved sera before diagnosis from patients with AL and
healthy controls from the US Department of Defense Serum Reposi-
tory (DoDSR) and performed SPEP with immunofixation and sFLC
analysis to detect the pathogenic LCs before clinical presentation.

Study Population

We performed a retrospective case-control study of AL amyloidosis cases
seen at all U.S. Military Treatment Facilities between 2000 and 2010. Inclusion
criteria were active or former active-duty service members with a diagnosis of
AL based on International Classification of Diseases, Ninth Revision code
277.3. We identified a total of 109 patients coded for AL amyloidosis. Follow-
ing an extensive review of each patient’s individual electronic medical record
(DoD global electronic health record), 25 patients were found to have biopsy-
proven AL amyloidosis. Some cases were coded during an evaluation for
suspected amyloidosis that were ultimately negative. Other cases were diag-
nosed outside U.S. Military Treatment Facilities, and we did not have access to
confirmatory records. Five patients were excluded for lack of serum in the
DoDSR, resulting in a total population of 20 confirmed cases of AL amyloid-
osis. Controls were matched by age, race, sex, and age of serum (indexed by
time before diagnosis within 90 days).® Up to three prediagnostic serum
samples were retrieved from the DoDSR for cases and controls. The DoDSR
has been administered by the Army Medical Surveillance Agency since 1985. It
contains more than 50 million serum samples stored at —30°C from manda-
tory biennial HIV testing as well as from pre- and postdeployment screenings.
All service members have serum banked without discrimination. Specimens
are linked to demographic, occupational, and medical information.® This
study was approved by the Human Use Committee at Walter Reed National
Military Medical Center, and the requirement for informed consent
was waived.

Laboratory Assays

SPEP (Capillarys 2; Sebia, Norcross, GA) and IFE (Hydrasys Focusing
Unit; Sebia) with antisera to IgG, IgA, IgM, «k, and A were performed on all
samples. SFLC analysis was performed by automated immunoturbidometric
assay (Advia 1650; Siemens, Tarrytown, NY) for free k (normal range, 3.30 to
19.40 mg/L) and free A (normal range, 5.70 to 26.30 mg/L) by using commer-
cial reagents (Freelite; The Binding Site, Birmingham, United Kingdom). The
Kk:A ratio (0.26:1.65) was calculated. An M-Ig was defined as the presence of an
M-Ig on SPEP or IFE or an abnormal sFLC ratio along with an increased k or
A LC. An LC M-Ig was defined as an increased involved LC with an abnormal
sFLC ratio in the absence of heavy chain (IgG, IgA, IgM) expression on IFE.'°
The FLC difference (FLC-diff) was calculated as the difference between the
involved and uninvolved LCs based on the sample closest to diagnosis.

Statistical Analysis

We evaluated FLC-diff because it is the standard response criteria for AL
and is not significantly affected by aging and renal function."" Because the data
were not normally distributed, continuous variables for both cases and con-
trols are reported with median values (25% and 75%) and compared with the
two-sample Kolmogorov-Smirnov test for statistical significance. Because of
the matched nature of the data (to maximize statistical efficiency), categorical
values were compared by using McNemar’s matched x* using exact probabil-
ities (because many cells had values of < 5).12 Odds ratios and CIs were
omitted because the majority could not be calculated with the McNemar exact
test because either all of the cases or none of the controls had levels above the
specified thresholds. Specifically, we compared the percentage of cases versus
matched controls with FLC-diff levels above specific thresholds, including
subclinical values of 8 mg/L and 23 mg/L, respectively, and thresholds set for
complete hematologic response in AL (40 mg/L) and a threshold associated
with adverse prognosis (180 mg/L).'>'* Tertiles of elapsed time from date of
serum draw until diagnosis (> 11.1, 4 to 11.1, and < 4 years) were used for
subgroup analysis. Receiver operating characteristic (ROC) curve analysis
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(nonparametric) was performed at intervals of more than 11 years, 4 to 11
years, and less than 4 years before diagnosis in cases and controls. Continuous
variables were explored graphically and formally for deviations from the as-
sumption of normality. Box plots were used to display the distribution of
FLC-diff levels separately in cases versus controls.

Rate of change over time for FLC-diff level was calculated by dividing the
difference between the last level (LL) and the index level (IL) by the time
difference in years between the last sample (LT) and the index sample (IT) as
follows: (LL — IL)/(LT — IT/365). Percent change of FLC-diff level was
calculated by dividing the last FLC-diff chain level (LLC2) by the first FLC-diff
chain level (LLC1), subtracting 1, and then multiplying by 100 ([LLC2/LLC1]
— 1) X 100). This percent change was then divided by the time in years
between the two samples to obtain the percent change of FLC-diff levels over
time. Stata 12.1 was used for all analyses (STATA, College Station, TX).

Patients

Twenty patients with AL amyloidosis were identified (Table 1).
The mean age was 51 years (range, 42 to 64 years), and all patients were
male. There were 14 white patients (70%) and four black patients
(20%). The isotype was A in 16 (80%) and « in four (20%). An
LC-only monoclonal Ig was present in 11 (55%) of 20 cases. An intact
M-Igwas present in nine patients (45%), and of these, eight were A LC.
Heart (55%) and kidney (40%) were the most common organs af-
fected. The median number of samples per case was three (range, one
to three). The median time between the first available sample and last
available sample before diagnosis was 12.2 years (range, 2.2 to 19.4
years) and 2.12 years (range, 0.2 to 13.4 years), respectively.

Table 1. Characteristics of Patients With AL Amyloidosis
Cases
(patients
with AL) Controls
Characteristic No. % No. %

Age, years

Mean 51 51

Range 42-64 42-64
Male sex 20 100 20 100
Race

White 14 70 14 70

Black 4 20 4 20

Other 2 10 2 10
Immunoglobulin light chain isotype

Kappa 16 80 NA

Lambda 4 20
Immunoglobulin heavy chain

Overall 9 45 NA

190G 8 40

IgA 1 5
Organ involvement

Heart 1 55 0 0

Kidney 8 40 0 0

CNS 1 20 0 0

Liver 4 20 0 0

Arthropathy 2 10 0 0
Abbreviations: AL, amyloid light chain; IgG, immunoglobulin G; NA, not
applicable.
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Table 2. Comparison of Median FLC-Diff Levels in Patients With AL
Amyloidosis Compared With Controls Prior to Diagnosis

Cases (patients

with AL) Controls
Years
Prior to FLC-Diff FLC-Diff
Diagnosis (mg/L) 25%, 75% (mg/L)  25%, 75% P

<4 174.8 78.5,457.6 0.3 -3.1,3.8 <.001
4-11 65.1 16.1,251.6 2.2 -4.2,0.7 <.001
> 11 45 -1.1,734 -0.4 -4.6,0.6 .03
All time periods 78.5 11.0,297.0 -0.65 -3.8,21 <.001

Abbreviations: AL, amyloid light chain; FLC-Diff, free light chain differential.

M-lg Abnormalities

An M-Ig was detected at some point before the diagnosis of AL
amyloidosis in 100% of cases and 0% of controls (P < .001). The
proportion of cases with an M-Ig was 100%, 80%, and 42% at less than
4 years, 4 to 11 years, and greater than 11 years, respectively, before
diagnosis. The method of detection for the initial M-Ig was by sFLC
only in eight (40%) of 20, by SPEP and IFE in three (15%) of 20, by IFE
and sFLC in three (15%) of 20, and by SPEP, IFE, and SFLC in six
(30%) of 20. AL amyloidosis cases had statistically significantly higher
median FLC-diff levels than did matching controls at all times before
diagnosis, as well as at each time period before diagnosis (Table 2 and
Appendix Fig Al, online only). A greater proportion of AL amyloid-
osis cases versus controls had a single FLC-diff level more than 180
mg/L before diagnosis (50% v 0%; P = .002), less than 4 years (46% v
0%; P <<.03),and 4 to 11 years (46% v 0%; P < .03), but not more than
11 years prior to diagnosis (17% v 0%; P = .50; Table 3). By using

Table 3. A Comparison of FLC-Diff Levels in Patients With AL Amyloidosis
Compared With Controls
Cases
FLC-Diff (patients
(mg/L)/No. of with AL) Controls
Years Before McNemar
Diagnosis No. % No. % Exact P
> 8 20/20 100 0/20 0 <.001
All years
< 4 years 13/13 100 0/13 0 <.001
4-11 years 13/15 87 0/15 0 <.001
> 11 years 6/12 50 0/12 0 <.03
> 23 17/20 85 0/20 0 <.001
All years
< 4 years 12/13 92 0/13 0 < .001
4-11 years 10/15 67 0/15 0 .002
> 11 years 4/12 33 0/12 0 13
> 40 16/20 80 0/20 0 <.001
All years
< 4 years 1113 85 0/13 0 .001
4-11 years 9/15 60 0/15 0 .004
> 11 years 4/12 33 0/12 0 13
> 180
All years 10/20 50 0/20 0 .002
< 4 years 6/13 46 0/13 0 .03
4-11 years 6/15 40 0/15 0 .03
> 11 years 2/12 17 0/12 0 .50
Abbreviations: AL, amyloid light chain; FLC-Diff, free light chain differential.

WwWw.jco.org

thresholds of 23 mg/L and 40 mg/L, there was also a statistically
significant difference between cases and controls at all times, less than
4 years, and 4 to 11 years, but not more than 11 years before diagnosis
(Table 3).

The FLC-diff ROC area under the curve was greater than 0.9 at
less than 4 years and at 4 to 11 years, but not at more than 11 years
before diagnosis (Fig 1). For less than 4 years before diagnosis, the area
under the ROC curve was 1.00. In addition, the maximum correct
classification was 100% at the FLC-diff cutoff of 11.0 with an associ-
ated 100% sensitivity and specificity. For 4 to 11 years before AL
diagnosis, the area under the ROC curve was 0.98. The maximum
correct classification was 95% at the FLC-diff cutoft of 8.7 with an
associated sensitivity of 90% and specificity of 100%. For more than 11
years before AL diagnosis, the area under the ROC curve was 0.71. The
maximum correct classification was 76% at the FLC-diff cutoff of 11.5
with an associated sensitivity of 50% and specificity of 100%.

Temporal Changes of M-Ig LCs

We characterized the longitudinal changes in FLC-diff over time.
Increases in FLC-diff per year of more than 10% per year occurred in
84% of cases and 16% of controls (P <<.001), and increases in FLC-diff
of more than 50% per year occurred in 58% of cases and 0% of
controls (P < .001). We demonstrated two distinct patterns in the
evolution of FLC-diff before diagnosis: (1) a slowly increasing FLC-
diff over time to less than 200 mg/L near diagnosis and a more rapidly
increasing FLC-diff over time to greater than 200 mg/L near the time
of diagnosis (Fig 1).

In this study, we demonstrated that all patients with AL amyloidosis
have an M-Ig before clinical presentation. The proportion of patients
demonstrating an M-Ig increased to 100% within 4 years preceding
the diagnosis and in nearly half the patients more than 11 years before
diagnosis. We demonstrated that increased FLC-diff at thresholds of
more than 23 mg/L, more than 40 mg/L, and more than 180 mg/L are
present up to 11 years before clinical AL amyloidosis. To the best of
our knowledge, there are no prior reports characterizing the patho-
genic LC levels in the years before clinical diagnosis of AL amyloidosis,
and thus we have defined the precursor state to AL amyloidosis.
Notably, we found statistically significant differences between the
percentage of cases and controls above thresholds in the clinically
normal range. The accepted normal range for sFLCs was established in
patients with active plasma cell disorders and healthy controls."" Our
findings suggest that in the precursor state to AL amyloidosis, abnor-
mal FLC-diff levels occur within the accepted normal range. This is
analogous to our work in autoimmune kidney diseases, in which we
have demonstrated preclinical autoantibodies above thresholds
within the accepted normal range compared with matched con-
trols.”'>'® In AL amyloidosis, the concentration of the M-Ig is gener-
ally modest when compared with that in MM."” The pathogenesis of
AL amyloidosis is driven by misfolded LCs, which form an insoluble
B-pleated conformation that deposits in tissues resulting in organ
dysfunction.'® Thus, it is the specific quality of the propensity of LCs
toward amyloid formation over the quantity. It is known that LCs
derived from specific Ig genes have a greater propensity toward amy-
loid formation.'”*! Our findings demonstrate that prolonged and

© 2014 by American Society of Clinical Oncology 2701
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Fig 1. Receiver operator characteristic (ROC) curves for free light chain differential in years before diagnosis of immunoglobulin light chain amyloidosis. Free light chain
differential for (A) < 4 years, (B) 4 to 11 years, and (C) > 11 years before diagnosis.

sustained production of relatively low concentrations of amyloido-
genic LCs, even within the accepted normal range, results in the
development of AL amyloidosis.

We also found that modest increases in LCs over time are asso-
ciated with the future development of AL amyloidosis. In 84% of cases,
there was at least a 10% annual increase in the FLC-diff. We observed
two patterns of FLC-diff evolution before presentation: (1) a slowly
increasing level and (2) a rapidly increasing level with a threshold of
about 200 mg/L near the time of diagnosis separating these groups.
Taken together, these findings suggest that there is heterogeneity
among patients with AL amyloidosis in the degree of proliferation in
the underlying plasma cell clone.>'* Recently, an FLC-difflevel = 180
mg/L has been shown to confer an adverse prognosis in newly diag-
nosed AL amyloidosis, which provides further support for the biologic
and clinical significance of our findings."> Our findings are also con-
sistent with our prior work and the findings of Blade et al** and Kyle et
al* that describe the evolution of M-Ig before development of MM.>

Our study has several strengths. Besides skewing younger and
male, the clinical and laboratory features of our cases are consistent
with the typical AL amyloidosis population.>* We used highly sensitive
and widely available assays to detect M-Ig.* Serial samples were avail-
able for up to 19 years before diagnosis. This allowed us to describe in
detail the longitudinal changes in the pathogenic LCs before diagnosis.
Because of mandatory scheduled military health screenings, we were
able to limit verification, observer, recall, and Berkson’s biases.

We acknowledge the following limitations of our study. The
small sample size may have been underpowered to detect significant
differences between cases and controls more than 11 years before
diagnosis or to confirm that no such difference exists in this time
interval. Because of the retrospective nature of the study and the

2702 © 2014 by American Society of Clinical Oncology

arbitrary availability of banked serum, not all patients had assays for
M-Ig at all time points (Fig 2). In addition, because of limited sample
volume, we could not perform cardiac troponin, N-terminal pro-
brain natriuretic peptide (NT-proBNP), or creatinine analyses to de-
scribe the temporal relationship between the increase of sFLCs and
onset of organ dysfunction. Changes in FLC-diff level over time as-
sume a linear increase before diagnosis, but more than the three
permissible samples would be required to prove this assumption.
DoDSR de-identification requirements prevented the linkage of study
results and background characteristics for specific cases and controls,

1,000
900
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700
600 1
500 |
400
300
200
100

FLC Differential (mg/L)

0 -1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19 -20
Time Before Diagnosis (years)

Fig 2. Serial free light chain (FLC) differential levels before clinical presentation
in patients with immunoglubulin light chain amyloidosis.
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which precluded secondary analyses. Finally, there were no statistical
adjustments made for the multiple comparisons required to evaluate
the various FLC-diff thresholds.

Our findings have important implications. Early diagnosis and
treatment of AL amyloidosis before the development of severe organ
dysfunction is essential to improve outcomes, but until now, the
window of opportunity for early diagnosis was unknown.'® We have
described a prolonged precursor state to AL amyloidosis. AL amyloid-
osis cases have higher FLC-diff levels, even within the accepted normal
range, that steadily increase over time for years before diagnosis. Our
data suggest that patients with an FLC-diff greater than 11 mg/L that
increases annually may benefit from an evaluation for organ dysfunc-
tion with cardiac biomarkers (troponins, NT-proBNP), echocardiog-
raphy, and a fat pad aspirate with Congo Red staining for detection of
tissue amyloid deposition.*>*® Recently, Merlini and Palladini*” sug-
gested that patients with monoclonal gammopathies should have pe-
riodic assessments for cardiac biomarkers to detect organ dysfunction,
which our data indirectly support. Our findings need to be confirmed
in larger studies with longitudinal follow-up. Future studies are
needed to better understand our findings in the context of the myelo-
ma precursor states, monoclonal gammopathy of undetermined sig-
nificance and smoldering MM. There are no immunophenotypic or
genomic features that can clearly distinguish plasma cells in AL amy-
loidosis from those in other plasma cell disorders.®*>! These studies
should incorporate additional biomarkers for assessment of potential
amyloidogenicity and/or organ dysfunction, such as clusterin, cardiac
troponins, NT-proBNP, midregional proadrenomedulin, or other
novel biomarkers.”>***> Comparing M-Ig in cohorts of patients with
stable monoclonal gammopathy of undetermined significance, those
in evolution to AL amyloidosis, and those in evolution to MM would
be clinically useful. Comparing this study to our previous work, in
which we investigated M-Ig before development of MM, an M-Ig is

present before AL amyloidosis in 42%, 80%, and 100% compared
with 80%, 77%, and 95% in MM in the time periods more than 11, 4
to 11, and less than 4 years, respectively. This analysis is limited be-
cause of the imbalance between LC-only disorders in MM (approxi-
mately 20%) compared with AL amyloidosis (50%), and thus larger
studies are needed to elucidate differences among these subsets of
monoclonal gammopathies.

In conclusion, we detected an M-Ig in all patients with AL amy-
loidosis many years before the patients presented with symptomatic
disease. We have definitively demonstrated that AL amyloidosis re-
sults from prolonged and sustained production of amyloidogenic LCs.
Novel biomarkers sensitive for the amyloidogenicity of sFLCs or the
presence of tissue amyloid deposition are urgently needed to facilitate
early diagnosis and improve outcomes in this devastating disease.
Until that time, clinical acumen remains the only route to early diag-
nosis of AL amyloidosis.
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Fig A1. Box plots representing free light chain (FLC) differential levels in cases and controls in the years before diagnosis of immunoglobulin light chain (controls =
0; cases = 1). FLC differential by case (A) < 4 years, (B) 4 to 11 years, and (C) > 11 years before diagnosis. The horizontal bar represents the median, vertical bars
represent the highest and lowest values that are not outliers, and the dots are outliers (defined as outside 1.5 times the interquartile range). The lower and upper end
of each box represents the first and third quartile, respectively. Interquartile range is defined as the third quartile subtracted from the first quartile.
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