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PURPOSE

Bone tracers have been validated for many years in detecting transthyretin cardiac amyloidosis
(TTR-CA). However, several new studies suggest conflicting results. Our study aimed to system-
atically evaluate the accuracy of bone radiotracers for diagnosis and differentiation of TTR-CA via
a systematic review and meta-analysis.

METHODS

We retrieved articles assessing the performance of bone tracer in diagnosing and differentiating
TTR-CA from PubMed, the Cochrane Library, ScienceDirect, and DOAJ databases, dating up to 10
July 2020. The meta-analysis was conducted through Stata 16 software, and the risk of bias for
the included studies was assessed by the QUADAS-2 tool. Moreover, we made a comprehensive
review.

RESULTS

Fourteen articles were included in the systematic review, and 9 in the meta-analysis. The pooled
sensitivity was 0.97 (95% confidence interval [95% Cl] 0.85-0.99) with heterogeneity (’=73.5,
95% Cl 55.6-91.2), and the specificity was 0.92 (95% Cl 0.82-0.96) with heterogeneity (=42.0,
95% Cl 0.0-86.9). The pooled positive and negative likelihood ratios were 11.49 (95% Cl 5.07—
26.0) and 0.03 (95% Cl 0.01-0.18), respectively. The diagnostic odds ratio was 341 (95% CI 53—
2194), and the area under the receiver operating characteristic curve was 0.96 (95% Cl 0.94-0.97).

CONCLUSION

The findings evidence that the bone radiotracer is a valuable noninvasive approach that pro-
vides high accuracy for diagnosing TTR-CA and plays a modest role in differentiating TTR-CA
from immunoglobulin amyloid light-chain cardiac amyloidosis. *"Tc-HMDP may be more ac-
curate than *™Tc-PYP, #"Tc-DPD, and '8F-NaF in the TTR-CA detecting process, and '®F-NaF is a
promising bone tracer to diagnose and differentiate TTR-CA.

ardiac amyloidosis (CA) is a group of fatal diseases with poor prognosis (1, 2), which

occurs when amyloid (misfolded protein fragments) are deposited in the myocar-

dial extracellular matrix, small blood vessels, and the conduction system (1, 2). The
two most frequent types of CA are transthyretin CA (TTR-CA) and immunoglobulin amyloid
light-chain CA (AL-CA) (1-5). TTR-CA could be acquired from the aggregation of wildtype
TTR (TTRwt), mutant TTR (TTRm), and other types of TTR (3-6). Without typical symptoms,
TTR-CA is easily misdiagnosed and underdiagnosed (7, 8), especially in the early stage. From
the clinical perspective, doctors often get frustrated in diagnosing TTR-CA and distinguish-
ing TTR-CA from AL-CA, which would delay the optimal treatment and lead to poor prog-
nosis (2).

The well-known gold standard for diagnosing TTR-CA depends on endomyocardial bi-
opsy (EMB) (1, 7, 9). Other diagnostic criteria have also been considered (6, 10, 11), such as
biopsies from involved organs combined with significant echocardiography findings. Early
diagnosis and differentiation of TTR-CA are crucial for the treatment and prognosis (7, 11).
Although biopsy combined with additional measures (genotyping or immunohistochemis-
try) can diagnose and differentiate TTR-CA, biopsy, especially the EMB, cannot be used as a
routine procedure due to its possible invasive complications (1-5). Recently, plenty of stud-
ies on noninvasive examinations emerged, trying to discuss the early diagnosis of TTR-CA
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and the differentiation between TTR-CA and
AL-CA (10, 12-26). The most representative
method is the application of gamma-emit-
ting bone tracers, such as **™Tc-3,3-diphos-
phono-1,2-propanodicarboxylic acid (**™Tc-
DPD), *™Tc-pyrophosphate (**"Tc-PYP), and
®mTc-hydroxymethylene  diphosphonate
(**"Tc-HMDP) (12-24). Besides, the positron
emission tomography (PET) bone tracer
8F-sodium fluoride ("®F-NaF) has also been
used to explore the diagnosis and differen-
tiation of TTR-CA (25, 26).

Most studies suggest that bone tracers
can diagnose and differentiate TTR-CA. A
prior meta-analysis has partly reported the
diagnostic accuracy of gamma-emitting
bone tracers in TTR-CA (27). Nevertheless,
the differentiation of TTR-CA from AL-CA
was not fully elaborated, and it did not pro-
vide a systematic review and include the
positron-emitting bone tracer '8F-NaF. More
importantly, several new studies have indi-
cated that bone radiotracers present subop-
timal sensitivity in detecting some TTR-CA
(28, 29), which contradicts previous analy-
ses. Therefore, we sought to provide further
evidence on the role of bone tracers in TTR-
CA diagnosis and CA subtype differentiation
by performing a more comprehensive sys-
tematic review and a meta-analysis.

Methods
Study design

The current study was performed in ac-
cordance with the Preferred Reporting
Items for Systematic Review and Meta-anal-
ysis Protocols (PRISMA-P) 2015 (30) and the
guideline of Systematic Review and Me-
ta-analysis of Diagnostic Studies (31). Two
independent authors participated in the
whole process of literature searching and
screening, data extraction, quality evalua-

* Bone tracers provide high accuracy in diagnos-
ing transthyretin cardiac amyloidosis (TTR-CA).

* Bone tracers present modest role for differ-
entiating TTR-CA from immunoglobulin am-
yloid light-chain cardiac amyloidosis.

* Positron-emitting radiotracer '®F-NaF is prom-
ising to diagnose and differentiate TTR-CA.

* Bone tracers could help guide clinical prac-
tice and even monitor response to therapy.

* Some new studies suggest that bone tracers
present suboptimal sensitivity in detecting
some TTR-CA, which is an issue that requires
further investigations.

tion, and statistical analysis. Discrepancies
were resolved by discussions with the cor-
responding author.

Data sources and retrieval strategy

We thoroughly examined PubMed and
the Cochrane Library database for En-
glish-language literature from inception to
20 July 2020; ScienceDirect and DOAJ were
used as supplementary databases. We also
reviewed and searched the references of
retrieved literature to ensure the complete
inclusion of all relevant studies.

We used a combination of terms when
searching PubMed and the Cochrane Li-
brary database: 1) “Amyloidosis” OR “Am-
yloid” AND 2) “Transthyretin” OR “TTR” OR
“ATTR” AND 3) “Cardiac” OR “Myocardial”
OR “Myocardium” OR “Cardiomyopathy” OR
“Heart” AND 4) “Scintigraphy” OR “Scan” OR
“Bone” OR “Skeleton” OR “Tracer” OR “Ra-
diotracer”. Keywords related to bone tracer
for diagnosis of TTR-CA were also used in
searching the ScienceDirect and DOAJ da-
tabases.

Eligibility criteria and study selection

The inclusion criteria were: 1) studies re-
garding bone tracer in diagnosing TTR-CA
patients; 2) TTR-CA patients defined by bi-
opsy and genotyping/immunohistochem-
istry; 3) subject groups including TTR-CA
and AL-CA; 4) studies reporting more than
10 subjects; 5) the reported data could be
derived to calculate sensitivity, specifici-
ty, and other extended indicators (such as
positive and negative likelihood ratio). The
exclusion criteria were: 1) duplicate liter-
atures; 2) abstracts, book chapters, case
reports, comments, conference articles, ed-
itorials or letters, review articles, and other
unrelated articles; 3) articles irrelevant to
the interest of this study; 4) language not in
English. Articles were rejected if considered
ineligible.

Data extraction and quality assessment
Variables were collected from included
studies as follows: the first author, publica-
tion year, journal, population demographics
(mean age, gender ratio, number of subjects
enrolled and excluded), study characteris-
tics (prospective or retrospective, blind or
not, diagnostic criteria, types of CA), and
image characteristics (bone tracer, time of
image acquisition after injection, type of
scintigraphic acquisition, image analysis).
The number of true-positive, false-positive,
false-negative, and true-negative scintig-

raphy results for diagnosing TTR-CA was
extracted from each study. Studies with
overlapping patient data, those with non-
CA patients mixed in the subject groups,
and those with unknown genotype in the
groups were excluded from the meta-analy-
sis. The methodological quality of available
researches was evaluated by a checklist
based on the Quality Assessment of Diag-
nostic Accuracy Studies-2 (QUADAS-2) (32).

Statistical analysis

Statistical analysis was performed using
Stata (version 16.0; StataCorp LP). We cal-
culated sensitivity, specificity, positive like-
lihood ratios (PLR), and negative likelihood
ratios (NLR) (33) from the data extracted for
TTR-CA diagnosed by bone tracers, with
the corresponding 95% confidence interval
(95% Cl). The diagnostic odds ratio (DOR)
(34) was obtained with 95% Cl as well. As
a measure of test performance, higher val-
ues of DOR indicate better discrimination.
With the area under the curve (AUC) (35),
we constructed the summary receiver op-
erating characteristic curve (SROC) (36) to
estimate the overall diagnostic efficacy.
The SROC curve is a smooth curve based
on data points of included studies, which
reflects the pooled accuracy of the analysis.
Furthermore, we computed the diagnostic
accuracy of different bone tracers in TTR-
CA by sub-analysis. Differential diagnostic
value of TTR-CA from AL-CA was analyzed
as well. Deeks’ method was applied to ex-
amine the possible publication bias using
the funnel plot (37). The heterogeneity of
included studies was assessed in terms of
Cochran’s Q test and I statistics (38). Specif-
ically speaking, I of 25%-50%, 50%-75%,
and >75% represent a low, moderate, and
high degree of heterogeneity, respectively
(38, 39).

Results

After a systematic database search, we
screened 599 potentially relevant articles
and removed 141 duplicates first. Of the
remaining 458 pieces, 212 records (30 ab-
stracts, 56 case reports, 34 correspondenc-
es/letters, 24 editorials, 21 book chapters,
and 47 discussions/other short articles)
were ruled out through their titles and ab-
stracts. Then we excluded 114 reviews and
92 irrelevant articles and eliminated 26
full-texts due to their insufficient data for
our calculation. Finally, 14 articles (12-25)
were included for the systematic review. Af-
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Type of CA other
than TTRand AL, 1

Figure 1. Flow chart describing the literature search and selection process.

ter rejecting 5 articles, four (14, 17, 18, 24)
rejected for data overlap and one (20) for
containing unknown type of CA different
than TTR-CA with AL-CA, 9 articles (12, 13,
15,16, 19, 21-23, 25) were eligible for the
meta-analysis. No supplementary articles
were found from the references of these
studies. The detailed literature retrieval and
screening process is shown in Fig. 1.
Fourteen studies (12-25), published from
2005 to 2020, were selected for the system-
atic review. The mean age of patients in the
studies ranged from 58 to 76 years, with
the exception of one study (17) that did
not mention age; the percentage of males
ranged from 58% to 90%, while two articles
(17, 24) did not mention sex ratio. The ma-
jority of studies (71.4%) were retrospective-
ly designed, with only 4 studies employing

prospective design (12, 15, 18, 21); overall,
8 studies (57.1%) complied with the blind
principle (12, 15, 18, 20, 21, 23-25). Five
studies included patients with suspected
CA (13, 14, 18, 17, 20), 2 studies evaluated
patients undergoing the tracer scintigraphy
to diagnose TTR-CA (16, 25), and 4 included
AL-CA or TTR-CA patients for verifying the
diagnostic accuracy of bone tracers (15, 21,
23, 24). Six studies explicitly used EMB as
the diagnostic criteria for TTR-CA (12, 15, 16,
18, 21, 22), while 5 other studies claimed to
have used biopsies but did not illustrate the
involved tissue/organ (13, 14, 23-25). Most
studies (92.9%) diagnosed TTRm or TTRwt
CA based on genotyping/immunohisto-
chemistry (12-18, 20-25).

The bone tracer *™Tc-DPD was used in
6 studies (15, 17, 20, 22-24), #Tc-PYP in 5
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studies (12, 16, 17, 19, 21), and *"Tc-HMDP
in 4 studies (13, 14, 17, 18). One study (17)
used all three above tracers at the same
time, and one study (25) used 8F-NaF. The
planar scintigraphic acquisition was used
in all studies and SPECT or SPECT/CT in
57.1% of studies (13, 15, 19-24). To analyze
scintigraphic images, the qualitative way
was adopted in all studies, the quantitative
way in 14.3% of studies (12, 25), and the
semi-quantitative way in 71.4% (13, 14-19,
21, 23, 24). The qualitative analysis was con-
ducted using the Perugini visual score (24)
(score 0, absent cardiac and normal bone
uptake; score 1, mild cardiac uptake inferior
to bone; score 2, moderate cardiac uptake
equal to bone; score 3, strong heart uptake
greater than bone) in all included studies.
The quantitative and semi-quantitative
analyses were performed through radio-
tracer retention ratio, such as heart/con-
tralateral thorax uptake ratio (H/CL), heart/
whole-body ratio (H/WB), heart/skull ratio
(H/S), and heart/pelvis ratio (H/P) (12-24).
Particularly, in one study (25) the quantita-
tive analysis was carried out using an aver-
age target-to-background ratio (TBR ) and
standard uptake values (SUV ) of 'F-NaF
over the left ventricle (LV). Table 1 presents
the general characteristics of the studies in-
cluded in the systematic review.

We applied the QUADAS-2 tool (32) to
assess the overall quality of the included
studies. Overall, the quality of the select-
ed studies was deemed satisfactory. The
outcome of the methodological quality is
demonstrated in Table 2.

Ultimately, 9 studies (496 patients) (12,
13, 15, 16, 19, 21-23, 25), including TTR-
CA and AL-CA groups, were eligible for the
meta-analysis. To improve the accuracy
(sensitivity and specificity) of bone tracer
for TTR-CA, Perugini score =2 of any bone
radiotracers (*™Tc-DPD, **"Tc-PYP, **"Tc-HM-
DP, or '8F-NaF) was defined to be capable of
diagnosing TTR-CA and differentiating TTR-
CA from AL-CA, which was consistent with
the previous studies (12-18, 21, 22). Our
pre-specified criteria for diagnosing TTR-CA
were a sensitivity =0.95 and NLR <0.1 while
criteria for differentiating TTR-CA from AL-
CA were a specificity >0.95 and PLR >10.
The summarized performance of bone trac-
ers in diagnosing TTR-CA is listed in Table 3.

The overall sensitivity of the scintigraphy
was 0.97 (95% Cl 0.85-0.99), ranging from
0.57 to 1.00, with heterogeneity (’=73.5,
95% Cl 55.6-91.2); the specificity was 0.92

Zhao et al.
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Table 2. Quality assessment of the included studies in the systematic review using the QUADAS-2 tool

Risk of bias Applicability concerns
Patient Reference Flow and Patient Reference
First author (Ref) selection Index test standard timing selection Index test standard
Flaherty (12) © © © © © © ©
Martineau (25) ? © © © ® © ©
Gallini (13) ® ? © © ® © ©
Cappelli (14) ? © © © ® © ©
Moore (15) © © ®) © © © ©
Castano (16) ? ® © © ® © ©
Gillmore (17) ® ? © © ® © ©
Galat (18) © © © © © © ©
Papantoniou (19) ? © ? © ? © ?
Hutt (20) ? © © © ® © ©
Bokhari (21) ® © © © © © ©
de Haro-Del Moral (22) ? ® ©) © © © ©
Rapezzi (23) © © © © ® © ©
Perugini (24) ® © © © © © ©
Ref, reference; ©, low risk; ®, high risk; ?, unclear risk.
Table 3. Performance of bone tracer for the diagnosis of TTR-CA in the meta-analysis
Pooled number of patients
First author (Ref), radiotracer TPV FPV FNV TNV SEN (%) SPE (%) PLR NLR
Flaherty (12), *™Tc-PYP 24 0 0 19 100 100 39.20 0.04
Gallini (13), *"Tc-HMDP 48 0 5 23 91 100 43.11 0.10
Moore (15), *™Tc-DPD 13 1 0 7 100 87.5 5.79 0.04
Castano (16), “"TcPYP 106 6 15 44 88 88 7.30 0.14
Papantoniou (19), *"Tc-PYP 6 2 0 4 100 67 2.60 0.11
Bokhari (21), ®Tc-PYP 32 2 1 10 97 83 5.82 0.04
de Haro-Del Moral (22), **"Tc-DPD 8 0 0 11 100 100 22.67 0.06
Rapezzi (23), *"Tc-DPD 45 6 0 43 100 88 7.61 0.01
Martineau (25), '®F-NaF 4 0 3 8 57 100 10.13 0.46
Pooled analysis 286 17 24 169 97 92 11.49 0.03

(95% Cl 85-99)

(95% Cl 82-96)

(95% C15.07-26.0) (95% C10.01-0.18)

Ref, reference; TPV, true-positive; FPV, false-positive; FNV, false-negative; TNV, true-negative; SEN, sensitivity; SPE, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; ™ Tc-
PYP, *Tc-pyrophosphate; *"Tc-HMDP, *™Tc-hydroxymethylene diphosphonate; *™Tc-DPD, *™Tc-3,3-diphosphono-1,2-propanodicarboxylic acid; ®F-NaF, '®F-sodium fluoride. Five articles
were excluded from the meta-analysis: four (14,17,18,24) for data overlap and one (20) for containing unknown type of CA different than TTR-CA with AL-CA.

(95% CI 0.82-0.96), ranging from 0.67 to
1.00, with heterogeneity (’=42.0, 95% Cl
0.0-86.9) (Fig. 2). The pooled PLR and the
NLR were 11.49 (95% Cl 5.07-26.0) and 0.03
(95% Cl 0.01-0.18), respectively (Table 3).
Despite the mild-moderate heterogeneity,
the results were acceptable. The DOR was
341 (95% Cl 53-2194). Fig. 3 shows Fagan’s
nomogram for the scintigraphy, illustrating
the relation between test probability and
likelihood ratio. The SROC curve in Fig. 4 in-

dicates the AUC as 0.96 (95% Cl 0.94-0.97).
The Deeks’ funnel plot shows a p value of
0.957, i.e., there is no evidence on influenc-
ing publication (Fig. 5).

Furthermore, we analyzed the perfor-
mance of different bone radiotracers in
diagnosing TTR-CA. Four studies (12, 16,
19, 21) used *"Tc-PYP as the radiophar-
maceutical and 3 studies (15, 22, 23) used
2mTc-DPD. The remaining 2 studies used
9#mTc-HMDP (13) and '®F-NaF (25), respec-

806 . November-December 2021 - Diagnostic and Interventional Radiology

tively. Consistent with the foregoing, all di-
agnoses and differentiation of TTR-CA were
performed using the Perugini score. The
quantitative or semi-quantitative method-
ology may assist in the diagnosis and dif-
ferentiation of TTR-CA. In studies that used
2MTc-PYP, a cutoff value of H/CL ratios 1.5 or
1.6, was achieved for TTR-CA identification
(13, 16, 19, 21). When using *"Tc-HMDP
(13), the author considered H/WB ratios to
be the most accurate (100%) in diagnosing

Zhao et al.



Table 4. Performance of different bone tracer for the diagnosis of TTR-CA in the meta-analysis

Pooled number of patients

Radiotracer (Ref) Cases (n) TPV FPV FNV TNV SEN (%) SPE (%) PLR NLR
#mTc-DPD (15, 22, 23) 134 66 7 0 61 100 90 9.13 0.01
#mTc-PYP (12,16, 19, 21) 271 168 10 16 77 91 89 7.94 0.10
9mTc-HMDP (13) 76 48 0 5 23 91 100 43.11 0.10
'8F-NaF, (25) 15 4 0 3 8 57 100 10.13 0.46
Pooled analysis 496 286 17 24 169 97 (95% ClI 90 (95% Cl 11.49 (95% ClI 0.03 (95% Cl
87-100) 85-94) 5.07-26.0) 0.01-0.18)

Ref, reference; TPV, true-positive; FPV, false-positive; FNV, false-negative; TNV, true-negative; SEN, sensitivity; SPE, specificity; PLR, positive likelihood ratio; NLR, negative

likelihood ratio.

Studyld : SENSITIVITY (95% CI Studyld : SPECIFICITY (95% Cl)
| I
| I
| I
| I
Rapezzi/2011 —;o 1.00[0.92 - 1.00] Rapezzi/l2011 4|L 0.88 [0.75 - 0.95]
| |
de Haro-Del Moral FJ/2012 I. 1.00 [0.63 - 1.00] de Haro-Del Moral FJ/2012 —:—u 1.00 [0.72 - 1.00]
| I
Bokhari/2013 —? 0.97 [0.84 - 1.00] Bokhari/2013 o|¥ 0.83 [0.52 - 0.98]
I I
Papantoniou/2015 . 1.00 [0.54 - 1.00] Papantoniou/2015 o—+ 0.67 [0.22 - 0.96]
| I
| |
Castano/2016 .| 0.88 [0.80 - 0.93] Castano/2016 —o- 0.88 [0.76 - 0.95]
I I
| |
Moore/2017 —e | 1.00[0.75 - 1.00] Moore/2017 ——e— | 0.88[0.47 -1.00]
| I
| I
Flaherty/2019 —e| 1.00[0.86 - 1.00] Flaherty/2019 —t+e| 1.00[0.82 - 1.00]
I I
Gallini/2019 —01| 0.91[0.79 - 0.97] Gallini’2019 ql»l 1.00 [0.85 - 1.00]
| I
Martineau/2020) ° : 0.57[0.18 - 0.90] Martineau/2020 —:»l 1.00 [0.63 - 1.00]
| I
| I
| |
I I
COMBINED <} 0.97[0.85 - 0.99] COMBINED é 0.92[0.82 - 0.96]
| I
: Q =30.22, df = 8.00, p = 0.00 : Q=13.80,df =8.00,p= 0.09
I I
| | 12=73.52[55.85 - 91.20] ! 12 = 42.01 [0.00 - 86.90]
02 10 02 10
SENSITIVITY SPECIFICITY

Figure 2. Forest plot of pooled sensitivity and specificity of bone tracer for diagnosing TTR-CA.

TTR-CA, with the H/WB profile of 3.28 and
H/WB rectangular ROI ratio of 3.26. In the
study employing '®F-NaF, the TBRm cutoff
value of 0.89 resulted in a sensitivity/speci-
ficity of 75%/100% for the diagnosis of TTR-
CA. Nevertheless, various evaluation criteria
(e.g., H/CL, H/P, H/S, H/WB) were used with-
out a unified standard. The pooled analysis
is presented in Table 4.

Discussion

In the current meta-analysis, we system-
atically analyzed the performance of gam-
ma-emitting and positron-emitting bone
tracers on diagnosis and differentiation of
TTR-CA. Our meta-analysis suggested that
TTR-CA patients could be diagnosed by
the bone tracers (Perugini score of >2) with
high sensitivity, high AUC, and low NLR.
Furthermore, the results showed that bone

tracers could differentiate TTR-CA from AL-
CA (Table 3) with high PLR, but the specific-
ity (0.92) did not fully meet our expectation
(=0.95). We suggest that earlier use of this
scintigraphy in patients with suspected CA
may improve the diagnostic rate, advance
professional and optimal treatment, and
produce a prognostic efficacy in TTR-CA.
The high accuracy of biopsy is well
known, but the procedure itself is invasive
and risky (1-5). Over the past decades, re-
search on noninvasive diagnostic measures
for TTR-CA has been developing rapidly
(40, 41). Historically, several myocardial im-
aging radiotracers including Ga-67 citrate
were used to identify infiltrative myocar-
dial pathologies of the heart; Thallium-201
chloride was used to diagnose myocardial
inflammation, such as sarcoidosis and in-
filtrative-malignant processes such as lym-
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Figure 3. Fagan’s nomogram for bone tracer
accounting for post-test probability with a fixed
pre-test probability 20% for TTR-CA. When PLR
and NLR are as data above, at fixed pre-test
probability of 20%, the post-test probability of
positive is 74% and the post-test probability of
negative is 1% for TTR-CA.

phoma (42, 43). The use of bone radiotracer
(*"Tc-DPD) for diagnosing TTR-CA began
with a study in 2002 (44). The mechanism
of bone tracers in diagnosing amyloidosis is
not entirely clear, while some studies sug-
gest that it is related to the calcium deposit
levels in amyloidosis (45, 46). Many follow-
ing studies (12-26, 47) indicated different
diagnostic and differential values of bone
traces on TTR-CA.

Perugini et al. (24) first used *™Tc-DPD
scintigraphy as a noninvasive tool to study
the diagnosis of TTR-CA with a sensitivity
and specificity of 100%. However, the sam-
ple size was very small (25 patients) and
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amyloidotic polyneuropathy was included
in the study. In the subsequent research
(23), they confirmed the value for differenti-
ating TTR-CA from AL-CA, but found a mild
degree of tracer uptake in some AL-CA pa-
tients (Perugini score=1). This could explain
why most of the following studies (12-18,
21, 22) defined a Perugini score >2 as the

positive diagnosis of TTR-CA. Then, Hutt et
al. (20) observed the uptake of *Tc-DPD in
different genotypes of TTR-CA. Other stud-
ies (13, 18) considered *™Tc-HMDP could
aid in differentiating TTR-CA from AL-CA,
but the results were not systematically vali-
dated by EMB. In an extensive survey of 374
patients, Gillmore et al. (17) reported that
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TTR-CA could be diagnosed without immu-
nohistochemistry, given a Perugini score
>2, using *™Tc-PYP, *™Tc-DPD, or *™Tc-HM-
DP. However, all patients in their study
were suspected of CA, which would lead
to selection bias. Moreover, the findings
did not deny the importance of histologi-
cal demonstration and typing of CA. One
study applied a " Tc-HMDP semi-quantita-
tive method to analyze multiple body parts
(13), while Flaherty et al. (12) developed
and validated a new way of imaging *™Tc-
PYP cardiac scintigraphy, using cadmium
zinc telluride (CZT) crystal gamma camera
to diagnose TTR-CA with high sensitivity.
Moreover, recent studies employed posi-
tron-emitting bone radiotracer ®F-NaF to
diagnose TTR-CA (25, 26, 48, 49). Compared
with gamma-emitting radiotracers, PET
imaging devices are different in hardware
and physical characteristics, and the quan-
titative analysis of '8F-NaF was more accu-
rate than qualitative analysis for diagnos-
ing TTR-CA (25). So far, however, no single
study has reported using bone tracer alone
to diagnose and differentiate TTR-CA.

We pooled both gamma-emitting and
positron-emitting bone tracers to make a
meta-analysis of their accuracy in the di-
agnosis of TTR-CA. Compared with a prior
study (27), the current meta-analysis indicat-
ed a better accuracy for use of bone tracers
in the diagnosis of TTR-CA, but a bit modest
specificity. That means bone tracers display
high performance in diagnosing TTR-CA. But
to differentiate TTR-CA from AL-CA more ac-
curately in a noninvasive way, other workups
such as genotyping, serum and urine im-
munofixation, serum-free light-chains may
still be needed. In subanalysis (Table 4), we
assessed the diagnostic manifestations of
TTR-CA with tracers separately. Overall, the
performance of diagnosing TTR-CA and dif-
ferentiating TTR-CA from AL-CA was differ-
ent for gamma-emitting and positron-emit-
ting bone tracers. In our meta-analysis, <14%
of AL-CA patients appeared to have the bone
tracer uptake and the number of false-posi-
tive patients was less than 3.5%; more than
90% of TTR-CA patients showed uptake of
bone radiotracers, the overwhelming ma-
jority of whom with a high-grade score.
Moreover, one study (13) used *"Tc-HMDP
to diagnose CA. It demonstrated a better
performance in distinguishing TTR-CA from
AL-CA, whose specificity and PLR were supe-
rior to other bone tracers (*®F-NaF, *™Tc-PYP
and *"Tc-DPD). In the meantime, compared
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with #"Tc-PYP and **"Tc-DPD, 8F-NaF exhib-
ited stronger performance in differentiating
TTR-CA from AL-CA. Nonetheless, it was not
to say other bone tracers did not work well.
Many studies have demonstrated the out-
standing diagnostic efficacy of other bone
tracers (15, 19, 21-23, 25).

Our study has several limitations. First,
a mild-moderate heterogeneity existed in
the summarized results. It might result from
study design, demographic baselines, or the
methodological diversity of included stud-
ies, especially when including both gam-
ma-emitting and positron-emitting bone
tracers at the same time. Second, only one
study with '®F-NaF was included in our me-
ta-analysis, which cannot be fully compared
with gamma-emitting bone tracers. More
research inspecting the performance of
8F-NaF in TTR-CA patients is needed in the
future. Third, due to insufficient data, we did
not conduct further analysis of the subtypes
of TTR-CA. Thus, we particularly expect more
focus on studies of using bone tracer to dif-
ferentiate AL from TTRwt and TTRm groups.
Fourth, without a unified standard, we failed
to analyze using a quantitative or semi-quan-
titative methodology, and future research is
needed for some insight into this area.

In conclusion, this meta-analysis demon-
strates that the bone tracer provides high
accuracy in diagnosing TTR-CA. Bone trac-
er also presents a certain value in differ-
entiating TTR-CA from AL-CA, especially
gamma-emitting bone tracer *"Tc-HMDP,
although it still needs confirmation from
other auxiliary methods (genotyping, im-
munofixation, and serum-free light-chains).
Positron-emitting bone tracer '8F-NaF is
also a promising candidate to diagnose and
differentiate TTR-CA. Bone tracers could
guide clinical practice in the diagnostic and
differentiation workup of TTR-CA patients,
and even monitor response to therapy. In
the future, more studies with higher quality
are required to further support our results.
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