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Immunoglobulin light-chain (AL) amyloidosis affects multiple sys-
temic organs. However, determination of the precise extent of organ
involvement remains challenging. Targeted amyloid imaging with
18F-florbetapir PET/CT offers the potential to detect AL deposits in
multiple organs. The primary aim of this study was to determine the
distribution and frequency of AL deposits in the various organs of
subjects with systemic AL amyloidosis using '8F-florbetapir PET/
CT. Methods: This prospective study included 40 subjects with bi-
opsy-proven AL amyloidosis including active AL amyloidosis (n =
30) or AL amyloidosis in hematologic remission for more than 1y
(n = 10). All subjects underwent '8F-florbetapir PET/CT, skull base
to below the kidney scan field, from 60 to 90 min after injection
of radiotracer. Volume-of-interest measurements of SUV, 5 Were
obtained using Hermes software for the parotid gland, tongue, thy-
roid, lung, gastric wall, pancreas, spleen, kidney, muscle, abdomi-
nal fat, lower thoracic spine, vertebral body, and humeral head.
Uptake in each organ was visually compared with that in spine bone
marrow. An SUV,,.x Of at least 2.5 was considered abnormal in all
organs other than the liver. Results: Compared with the interna-
tional consensus definition of organ involvement, '8F-florbetapir
PET/CT identified amyloid deposits in substantially higher percent-
ages of subjects for several organ systems, including parotid gland
(50% vs. 3%), tongue (53% vs. 10%), and lung (35% vs. 10%). In
several organ systems, including kidney (13% vs. 28%) and abdom-
inal wall fat (10% vs. 13%), PET identified involvement in fewer
subjects than did international consensus. Quantitative analysis of
18F-florbetapir PET/CT revealed more frequent organ involvement
than did visual analysis in the tongue, thyroid, lung, pancreas, kid-
ney, muscle, and humeral head. Extensive organ amyloid deposits
were observed in active AL as well as in AL remission cohorts, and
in both cardiac and noncardiac AL cohorts. Conclusion: '8F-flor-
betapir PET/CT detected widespread organ amyloid deposition in
subjects with both active AL and AL hematologic remission. In most
instances, amyloid deposits in the various organs were not associ-
ated with clinical symptoms and, thus, were unrecognized. Early
recognition of systemic organ involvement may help tailor treatment,
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and noninvasive monitoring of organ-level disease may guide man-
agement with novel fibril-resorbing therapies.
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CT; organ; AL
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Immunoglobulin light-chain (AL) amyloidosis results from the
deposition of immunoglobulin light chains produced by abnormal
plasma cells as amyloid fibrils (/-3). It affects multiple organ
systems, including the kidneys, heart, gastrointestinal tract, lung,
nerves, and soft tissues, including the tongue, skin, muscles, and
joints (4). At least 2 organ systems are involved in most AL
subjects, resulting in substantial morbidity (5,6); a greater number
of organs involved may portend a dire prognosis. Cardiac involve-
ment is the leading cause of mortality in subjects with systemic
AL amyloidosis (7); however, whether this is a direct result of cardiac
involvement or due to a greater organ burden of AL amyloidosis is
not known.

Diagnostic methods for organ involvement in systemic AL am-
yloidosis are extremely limited. The international consensus criteria
are a combination of clinical symptoms, serum cardiac biomarkers,
liver function tests, urine protein levels, and available tissue biopsy
(8). Overt clinical symptoms and laboratory features of organ dys-
function typically reflect advanced amyloidosis and, therefore, can-
not detect early organ involvement before clinical manifestations.

Targeted whole-body imaging with amyloid molecular tracers
offers the potential to detect amyloid deposits and, consequently,
to identify the systemic organs involved in individuals with active
AL or AL remission, even in the absence of organ-specific clinical
symptoms. '8F-florbetapir is one of a family of emerging PET
radiopharmaceuticals that target -amyloid deposits (9) and is
Food and Drug Administration—approved for diagnosing Alz-
heimer disease. Recent in vivo (/0) and ex vivo (/1) studies have
confirmed its utility in the evaluation of cardiac AL amyloidosis.
Amyloid imaging using 23] serum amyloid P component has been
used, but this agent is limited by planar/SPECT imaging and is not
currently available in the United States (/2).
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The primary aim of this study was to determine whether AL
deposits in the various organs can be identified using '8F-florbe-
tapir PET/CT imaging independent of clinical manifestations. We
hypothesized that ®F-florbetapir PET/CT imaging would identify
amyloid deposits in more sites than are identified using the inter-
national consensus definition of organ involvement in AL amyloid-
osis. We also aimed to evaluate amyloid deposits in the various
organs in subjects who achieved hematologic remission for more than
1 y compared with subjects with active AL, and in subjects with
cardiac AL compared with those without cardiac AL amyloidosis.

MATERIALS AND METHODS

Patient Selection

We evaluated 40 subjects with biopsy-proven systemic AL amyloid-
osis enrolled in a prospective study, “Molecular Imaging of Primary
Amyloid Cardiomyopathy” (ClinicalTrials.gov identifier NCT02641145).
Inclusion and exclusion criteria for the study are listed in Supplemental
Table 1 (supplemental materials are available at http://jnm.snmjournals.
org). The study was approved by the institutional Human Research Com-
mittee. All subjects provided written informed consent for this study.

18F_Florbetapir PET/CT Image Acquisition

Subjects underwent PET/CT using a Discovery DRX imaging
system (GE Healthcare). Starting at 60 min after injection of 355 * 53
MBq of '8F-florbetapir (PETNET), subjects were imaged for 30 min
from the skull base to below the kidneys with 5 min per PET bed
position. CT images were acquired for attenuation correction using a
noncontrast technique (10-mA tube current, 140-kVP tube voltage,
free tidal breathing). PET data were reconstructed using ordered-sub-
sets expectation maximization with 2 iterations and 21 subsets. Axial,
coronal, and sagittal CT and PET reconstructions were generated au-
tomatically by the scanner.

18F_Florbetapir PET/CT Image Analysis

Fused PET/CT images were viewed using a Hermes workstation
(Hermes Medical Solutions). Imaging studies were reviewed visually
together by 3 imaging physicians and were qualitatively and semi-
quantitatively analyzed by a board-certified radiologist. Images were
qualitatively assessed for uptake in the following organs: parotid
gland, tongue, thyroid, lung (upper, middle, and lower), stomach,
pancreas, spleen, kidney, muscle, subcutaneous fat, and humeral head
bone marrow. Each organ was assigned a visual score on a 0-2 scale
(0, no visual uptake; 1, uptake = lower thoracic spine bone marrow; 2,
uptake > thoracic spine bone marrow).

On a Hermes workstation, quantitative analysis was performed using
a fixed-size volume of interest (2-3 cm in diameter, depending on organ).
Care was taken to avoid including excretory structures (biliary system,
proximal small bowel, and renal collecting system) in the volumes mea-
sured. SUVs were calculated for each volume of interest. An SUV .
greater than or equal to 2.5 was considered abnormal in all organs
other than the liver.

Retention index during dynamic-phase imaging was calculated for
the gastric wall and lumen over the first 10-30 min of scan time by
taking the SUV eqn in each dynamic frame divided by the integral of
the blood pool '8F-florbetapir time-activity curve at that point.

Definition of Organ Involvement

All subjects in this study had documented histologic proof of AL
amyloidosis. We specifically evaluated involvement of the parotid
gland, tongue, thyroid, lung (upper, middle, and lower), liver, pancreas,
spleen, kidney, abdominal wall or paraspinal muscle, anterior or pos-
terior abdominal fat, lower thoracic vertebral body, and humeral head
using clinical criteria and '8F-florbetapir PET/CT.
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Detailed clinical information was prospectively collected by a re-
view of systems. Laboratory data were collected, including serum free
light-chain levels, estimated glomerular filtration rate, hemoglobin,
cardiac biomarkers (troponin T, N-terminal pro—B-type natriuretic
peptide), liver function tests, spot urine protein, and 24-h urine protein
in subjects with renal involvement. By clinical criteria, involvement of
the kidney and soft tissue in systemic AL amyloidosis was defined per
the international consensus definitions (8) or by clinical manifesta-
tions or biopsy. Involvement of the parotid gland, fat, and bone mar-
row was assessed by clinical findings or biopsy. Lung was deemed to
be involved if the subject had a pleural effusion that was refractory to
medical therapy and required the placement of a pleural catheter or
biopsy.

On '8F-florbetapir PET/CT, organ involvement was assessed both
qualitatively and quantitatively.

The heart, liver, and nervous system were not evaluated in this
analysis. Cardiac AL amyloidosis is specifically not addressed in this
analysis as it comprised an inclusion criterion for study enrollment
into 2 of the 3 arms. Because !'8F-florbetapir is excreted through the
hepatobiliary system, liver involvement could not be accurately evalu-
ated on imaging. Involvement of the nervous system was not assessed
by '8F-florbetapir PET/CT.

Data Analysis

Continuous variables are described as means with SDs or medians
with interquartile ranges as appropriate. Discrete variables are de-
scribed using percentages. A P value of less than 0.05 was considered
significant. Statistical analysis was performed using Excel (Microsoft)
and SPSS (IBM).

RESULTS

Demographics

The baseline characteristics of the 40 subjects in this study are
included in Table 1. Of these, 30 had active AL amyloidosis (with
or without cardiac involvement) and 10 had AL amyloidosis in
hematologic remission after treatment of plasma cell dyscrasia for
at least 1 y after treatment (AL remission). The heart was involved
in 32 subjects: 22 (45%) with active systemic AL amyloidosis and
10 (25%) with a diagnosis of cardiac AL amyloidosis who were in
hematologic remission. The number of subjects diagnosed via
endomyocardial biopsy was 25%, but histologic diagnosis was
established by biopsy of other organs in the remaining 75% of
subjects.

Organ Involvement by Clinical and '8F-Florbetapir PET/CT

On the basis of international consensus criteria, the specific
organs involved with amyloidosis included kidneys (11, 27.5%),
liver (2, 5%), gastrointestinal tract (1, 2.5%), lung (4, 10%), and
soft tissue (6, 15%).

By visual assessment of '8F-florbetapir PET/CT, 33 of 40 sub-
jects (82%) had amyloid deposits in at least 1 organ, with 6 of 40
(15%) having a solitary organ involved, 6 of 40 (15%) having
2 organs, 5 of 40 (13%) having 3 organs, 6 of 40 (15%) having
4 organs, 4 of 40 (10%) having 5 organs, 1 of 40 (3%) having 6
organs, 3 of 40 (8%) having 7 organs, and 2 of 40 (5%) having 8
organs involved. Of note, heart and liver involvement were not
assessed in this study as discussed in the Materials and Methods
section.

Amyloid deposits in the various organs of the subjects using
quantitative '8F-florbetapir PET/CT imaging and organized by
study group are shown in a heat map format (Supplemental Fig.
1). SUV measurements are shown in Figure 1, using an SUV .«
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TABLE 1
Baseline Characteristics of Study Subjects

Characteristic Data
Age (y) 617
Active AL, systemic cardiac 22
Active AL, systemic noncardiac 8
Remission AL, cardiac 10
Height (m) 1.70 £ 0.11
Weight (kg) 77.0 £ 14.7
Body mass index (kg/m?) 26.5 + 4.0
K (mg/L)* 15.4 (10.3-27.6)
\ (mg/L)* 114.4 (35.1-306.7)
K/\ ratio* 0.19 (0.04-0.46)

eGFR (mL/min/1.73 m?) 57 + 16
24-h urine protein (g) 09+22
Alkaline phosphatase (U/L) 96 + 55

*For patients with active AL amyloidosis.

eGFR = estimated glomerular filtration rate.

Qualitative data are expressed as numbers; continuous data
are expressed as mean + SD or as median followed by interquartile
range in parentheses.

threshold of at least 2.5: 37 of 40 subjects (93%) had amyloid
deposits in at least 1 organ and 33 of 40 (83%) had 2 or more
organs involved. Specifically, 1 organ was involved in 4 of 40
(10%), 2 organs were involved in 6 of 40 (15%), 3 in 6 of 40
(15%), 4 in 6 of 40 (15%), 5 in 5 of 40 (13%), 6 in 6 of 40 (15%),
7 in 1 of 40 (3%) and 8 in 3 of 40 (8%).

Gastric wall retention index was 0.025 = 0.017/min, and
splenic retention index was 0.041 = 0.035/min.

Organ Involvement by Whole-Body '8F-Florbetapir PET/CT
Compared with Clinical Symptoms

I18F-florbetapir PET/CT detected greater numbers of organs with
amyloid deposition than did clinical symptoms or international con-
sensus criteria (Table 2; Fig. 2). Clinical symptoms and radiologic
features of involvement with amyloidosis in the fat, marrow, pan-
creas, and spleen are not well known. Radiologically, lung involve-
ment has been described as pleural effusions and other nonspecific
findings (/3). In subjects with elevated SUV ., in lung parenchyma,
the most common CT finding was an associated pleural effusion,
seen in 11 of 14 (79%). Effusions ranged in size from trace and
unilateral to large and bilateral and could not be distinguished from
heart failure. Within the lung parenchyma, the most commonly as-
sociated finding was diffuse ground-glass opacity, which was seen in
5 of 14 (36%). Two of 14 subjects (14%) had no abnormal CT
findings in the lungs despite markedly abnormal '8F-florbetapir up-
take. Figure 3 shows a published (/4) image of distribution of '8F-
florbetapir in a healthy volunteer. Figure 4 shows representative
images of amyloid involvement of the various organs visualized
on '8F-florbetapir PET in 2 subjects with active systemic AL.

Organ Involvement Subgroup Comparisons

SUV,..x data for the involved organs stratified by active AL
compared with AL remission are shown in Table 3. The mean
SUV .« for kidney was higher in active AL than in remission
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AL (2.7 = 0.7 vs. 1.7 = 0.3, P = 0.0002). All other organs
showed similar uptake of '8F-florbetapir. Figure 5 shows an image
of amyloid involvement in the various organs in a subject with AL
remission.

SUV nax for the involved organs was similar in active AL with
and without cardiac involvement (Supplemental Table 2).

However, using a quantitative SUV . threshold of 2.5 on '3F-
florbetapir PET, 81% of the subjects with cardiac involvement
(active or remission AL) showed involvement of at least 2 organs
other than the heart, compared with 75% of the subjects with sys-
temic AL without cardiac involvement.

DISCUSSION

Accurate and early assessment of organ involvement remains an
important unmet clinical need in the management of subjects with
systemic AL amyloidosis. The current study addressed that gap in
detection of organ involvement in AL amyloidosis by evaluating
the added value of '8F-florbetapir PET/CT imaging to clinical and
international consensus criteria. This study also explored, for the
first time, to our knowledge, organ amyloid deposits in patients
with AL amyloidosis in complete hematologic remission for more
than 1 y. This study yielded several novel findings. In many or-
gans, quantitative '8F-florbetapir PET/CT was more sensitive than
visual analysis, and both visual and quantitative '8F-florbetapir
PET/CT identified more organ involvement than did clinical mani-
festations and the international consensus definition of organ involve-
ment in systemic AL amyloidosis. Additionally, '3F-florbetapir PET/
CT identified amyloid deposits in the organs of patients thought to be
in hematologic remission for more than 1 y.

Precise identification of organ involvement in AL amyloidosis
may have important prognostic and therapeutic implications. Cur-
rently, diagnosis of organ involvement in systemic AL amyloid-
osis is based on clinical and laboratory evaluation (8). In subjects
with widespread systemic amyloidosis, abdominal fat-pad biopsy
is often confirmatory (/5) for AL amyloidosis. However, there is a
high rate of false-negative results on fat-pad biopsy, particularly in
subjects with single-organ involvement, and therefore targeted end
organ biopsy is often needed (/6). Small tissue samples limit the
utility of biopsy since they may not be representative of the whole
organ. Histologic sampling of multiple organs within a single pa-
tient is not practical.
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FIGURE 1. Detection of organ involvement by '8F-florbetapir uptake.
Distribution of SUVax values is shown for each organ. Each marker
corresponds to single subject. Dotted line indicates assigned threshold
of 2.5 SUV,ax between normal and abnormal. Hum. = humeral.
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TABLE 2
Organ Involvement by Clinical Symptoms and by Visual and Quantitative Uptake of '8F-Florbetapir in Various Organs in
Systemic AL Amyloidosis

Organ involved Clinical diagnosis Visual analysis

SUVnax in subjects with...

Quantitative analysis Involved organs Uninvolved organs

Parotid 1 (3%) 20 (50%)
Tongue 4 (10%) 17 (43%)
Thyroid — 9 (23%)
Lung 4 (10%) 11 (28%)
Gastric wall 1 (3%) 13 (33%)
Pancreas — 5 (13%)
Kidney 11 (28%) 4 (10%)
Spleen — 8 (20%)
Gluteal muscle — 1 (3%)

Abdominal wall fat 5 (13%) 4 (10%)
Humeral head 8 (20%) 8 (2%)

19 (48%) 3.9+1.4 15+ 0.5
21 (53%) 3.9+1.1 1.8+ 0.3
14 (36%) 6.5+ 6.3 15+ 0.5
14 (35%) 5.7 £33 1.0 £ 0.6
15 (38%) 5.4 £ 3.1 1.8+ 0.4
16 (40%) 3.1+05 19405
5 (13%) 3.4+05 1.9+ 0.3
8 (20%) 6.7 +2.4 1.8+0.4
3 (8%) 3.1+02 1.3+0.3
3 (8%) 3.1+03 11404
6 (15%) 3.2+07 14 +06

Qualitative data are expressed as numbers followed by percentages in parentheses; continuous data are expressed as mean + SD.
Involved organs are defined as having a SUV,,.x = 2.5. Liver was considered unevaluable because of known hepatobiliary excretion of
18F-florbetapir. Heart was not evaluated because it comprised study inclusion criteria. Some organs do not have consensus criteria for

clinical diagnosis.

In the largest study of systemic AL amyloidosis to date, we
evaluated the utility of '8F-florbetapir PET/CT to map organ am-
yloid deposits. Our results indicate that whereas 27 of 40 subjects
(68%) had clinical manifestations of at least 1 organ other than the
heart involved, partial whole-body !8F-florbetapir PET/CT with
quantitative imaging showed involvement by at least 1 organ in
as many as 37 of 40 subjects (93%). These findings suggest that, as
with '8F-FDG PET/CT for cancer imaging (17), systematic imag-
ing-based disease staging using '8F-florbetapir PET/CT is feasible

Tongue
Parotid Clinical: 4 (10%)
Clinical: 1 (3%) Visual: 17 (43%)

SUV: 21 (53%)

Thyroid
Visual: 9 (23%)
SUV: 14 (36%)

Visual: 20 (50%)
SUV: 19 (48%)

Vertebral body

SUV: 22 (58%) w Humeral head
Clinical: 8 (20%)
Visual: 8 (20%)
SUV: 6 (15%)

Lung
Clinical: 4 (10%)
Visual: 11 (28%)
SUV: 14 (35%)
Spleen
Visual: 8 (20%)
SUV: 8 (20%)

Abdominal wall fat
Clinical: 5 (13%)

Liver

Not possible to
measure due to
hepatic excretion

Pancreas Visual: 4 (10%)
Visual: 5 (13%) SUV: 3 (8%)
SUV: 16 (40%)
Kidney

Clinical: 11 (28%)
Visual: 4 (10%)
SUV: 5 (13%)

Muscle ‘
Visual: 1 (3%)
SUV: 3 (8%)
FIGURE 2. Proportion of subjects demonstrating '8F-florbetapir up-
take by organ. Visual involvement was defined as uptake greater than
bone marrow. Quantitative assessment was deemed positive if SUVax
for volume of interest within organ was = 2.5. Vertebral body uptake
was visual reference; therefore, subjective assessment of abnormal
bone marrow uptake was not possible.

I8E_FLorBETAPIR PET/CT IN AL AMYLOIDOSIS *

and may provide incremental sensitivity to noninvasively identify
disease burden even in the absence of symptoms or laboratory
abnormalities. Involvement of the lungs, heart, soft tissue, and
glands was well imaged by '®8F-florbepatir, whereas the liver and
nervous system were unevaluable. Interestingly, the kidney, one of
the most frequently involved organs in AL amyloidosis, was rarely
determined by!8F-florbetapir imaging to be involved. The precise
reasons for this are not known and could be physiologic or tech-
nical. Patients with severe renal impairment (estimated glomerular
filtration rate < 30 mL/min/1.73 m?) were excluded from enroll-
ment, and it is possible this exclusion decreased the proportion of
patients in our cohort with renal involvement. The tracer may not
be able to access the amyloid fibrils in the kidneys, or the deposits
may be below the imaging resolution, or the timing of imaging
(60-90 min after injection of tracer) may not be optimized. Further
study is warranted. Three smaller observational studies have ex-
plored whole-body radiotracer detection of amyloid fibrils in
subjects with AL and transthyretin amyloidosis. One study used
11C-Pittsburgh compound B (n = 7 AL subjects) (/8), another
study used '8F-florbetapir (n = 15 AL subjects) (19), and a final
study used '8F-florbetaben (n = 7 AL subjects) (20). Although
direct comparison of proportions of involved organs is difficult
given the small sample sizes in prior studies and the heterogeneity
of organs examined, when overlapping organs studied in these
papers were evaluated, the results among the 4 studies were sim-
ilar. Compared with the other groups, we observed parotid uptake
(48% vs. 57%/40%/57%), tongue uptake (53% vs. 100%/43%),
thyroid uptake (36% vs. 43%/20%/29%), kidney uptake (13% vs. 7%/
29%), muscle uptake (8% vs. 29%), and lung uptake (35% vs. 20%/
14%) at similar rates. In our study, spleen uptake (20% vs.
57%140%/43%) and fat uptake (8% vs. 40%) were seen less frequently.
Our study adds to the results of the prior studies in a much larger
cohort of subjects. Furthermore, our study described for the first
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time, to our knowledge, com-
parisons between cardiac and
noncardiac active AL amyloid-
osis cohorts, as well as between
active and remission AL cardiac
amyloidosis.

The clinical significance of
organ-level detection of AL
amyloidosis is multifold. Knowl-
edge of which and how many
o organs are involved in each
subject may have prognostic
implications and influence de-
cisions about treatment or follow-
up intervals. As more novel
therapies for AL amyloidosis
are translated to the clinic, the
ability to quantify the degree of
organ-level amyloid involve-
ment during and after treatment
would be useful to determine
individual treatment efficacy.
Organ amyloid distribution may
play a key role in the devel-
opment of novel amyloid-resorbing drugs, to provide a baseline for
evaluation of the effects from resorption of amyloid fibrils in the
various organ systems.

Our study had several strengths and a few limitations. All
subjects were prospectively enrolled using strict inclusion and
exclusion criteria and were imaged for systemic amyloidosis.
Images were interpreted in a masked fashion without knowledge
of organ involvement or clinical symptoms. We included the full
spectrum of amyloidosis, including active AL amyloidosis and
AL remission. As the primary study was aimed at quantifying

FIGURE 3. Normal '8F-florbetapir
biodistribution. PET maximum-intensity
projection image shows '8F-florbetapir
distribution in healthy volunteer.
(Reprinted with permission of (74).)

FIGURE 4. Images from 2 subjects with biopsy-proven active sys-
temic AL amyloidosis. (A) Maximum-intensity projection image from
18F-florbetapir PET/CT shows abnormal uptake in tongue and lungs.
(B-D) Axial fused PET/CT images confirm diffuse abnormal uptake
throughout tongue (B), parotids and thyroid (C), and both lungs (D). CT
appearance of lungs was unremarkable other than mild atelectasis. (E-G)
Abnormal uptake (*) is also seen in kidneys (E) and spleen (F and G).

cardiac amyloidosis, the dynamic images were obtained only
through the level of the heart; therefore, retention index could
not be calculated for many organs. The SUV,,,, cutoff of at least
2.5 and bone marrow as the reference were chosen arbitrarily
given the absence of a pool of known distribution in healthy
volunteers. Quantitative reads were performed by a single reader,
and results were not compared with a true reference standard;
however, biopsy of all organs in all subjects is neither practical
nor feasible. Future imaging of a large number of healthy vol-
unteers could help better determine organ-specific physiologic
SUV,,..x thresholds. Because the radiotracer is excreted via the
biliary system, evaluation of the liver, common bile duct, and small

TABLE 3
Organ Involvement in Subjects with Systemic AL Amyloidosis: Active AL (n = 30) Versus Hematologic Remission of
AL (n = 10)
Visual Quantitative SUV hax

Organ Active Remission Active Remission Active Remission
Parotid 15 (50%) 5 (50%) 4 (47%) 5 (50%) 27+1.6 27+1.6
Tongue 13 (43%) 4 (40%) 5 (50%) 6 (60%) 29+13 28+15
Thyroid 6 (20%) 3 (30%) 9 (31%) 5 (50%) 33+49 3.0+23
Lung 9 (30%) 2 (20%) 1 (37%) 2 (20%) 22+28 1.7+2.0
Gastric wall 13 (43%) 0 (0%) 4 (47%) 1 (10%) 35+29 1.9 + 0.4
Pancreas 5 (17%) 0 (0%) 3 (43%) 3 (30%) 25+0.8 21107
Kidney 4 (13%) 0 (0%) 5 (17%) 0 (0%) 22+0.7* 1.7+0.3
Spleen 8 (27%) 0 (0%) 7 (23%) 1 (10%) 2.7 +26 15+1.7
Gluteal muscle 1 (3%) 0 (0%) 3 (10%) 0 (0%) 1.5+ 0.6 1.3+0.2
Abdominal wall fat 4 (13%) 0 (0%) 3 (10%) 0 (0%) 1.2+0.8 1.2+0.4
Humeral head 8 (27%) 0 (0%) 6 (20%) 0 (0%) 1.8+0.9 1.2+05

*P = 0.0002.

Qualitative data are expressed as numbers followed by percentages in parentheses; continuous data are expressed as mean + SD.
Involved organs defined as SUV,.x = 2.5. Liver was considered unevaluable because of known hepatobiliary excretion of 18F-florbetapir.
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FIGURE 5. A 55-y-old man with cardiac AL amyloidosis but in AL re-
mission for more than 1 y. (A) Coronal fusion '8F-florbetapir PET/CT
image shows abnormal uptake in lungs. (B and C) Axial fusion images
show abnormal uptake in submandibular glands (B) and thyroid (C). This
patient also had abnormal uptake in parotids and tongue (not pictured).

bowel was not possible as all subjects had varying levels of in-
creased uptake in these organs.

CONCLUSION

18F-florbetapir PET/CT is a promising technique for the evalu-
ation of organ-level deposition of amyloid fibrils in systemic AL
amyloidosis. In many cases, involved organs were not clinically
evident. Imaging of organ involvement in systemic AL amyloid-
osis warrants further study because the ability to noninvasively
diagnose organ-level disease may provide more accurate prognos-
tication or identify candidates for the initiation of novel fibril-
resorbing therapies. Finally, quantitation at the organ level holds
promise for monitoring of organ response to effective plasma cell-
directed and novel antifibrillar therapies.
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KEY POINTS

QUESTION: Can light-chain amyloid (AL) deposits in systemic
organs be identified at 18F-florbetapir PET/CT?

PERTINENT FINDINGS: In this prospective cohort study of sub-
jects with biopsy-proven systemic AL amyloidosis, both quanti-
tative and qualitative evaluation of 18F-florbetapir PET/CT images
identified AL deposits substantially more frequently than consen-
sus guidelines based on clinical and laboratory manifestations.

IMPLICATIONS FOR PATIENT CARE: Organ-level detection of
deposits may inform treatment and allow noninvasive monitoring
of patients with AL amyloidosis.
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