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The  standard  treatment  of  differentiated  thyroid  cancer  (DTC)  consists  of surgery  followed  by iodine-131
(131I) administration.  Although  the majority  of  DTC has a very  good  prognosis,  more  aggressive  histo-
logic  subtypes  convey  a  worse  prognosis.  Follow-up  consists  of periodically  measurements  of  serum
thyroglobulin,  thyroglobulin  antibodies  and  neck  ultrasound  and 123I/131I whole-body  scan.  However,
undifferentiated  thyroid  tumors  have  a  lower  avidity  for  radioiodine  and  the  ability  of  DTC to  concen-
trate 131I may  be  lost  in  metastatic  disease.  Positron  emission  tomography  (PET)/computed  tomography
(CT)  has  been  introduced  in the  evaluation  of  patients  with  thyroid  tumors  and  the  2-[18F]-fluoro-2-
deoxyd-glucose  (18F-FDG)  has  been  largely  validated  as marker  of  cell’s  metabolism.  According  to the
2015 American  Thyroid  Association  guidelines, 18F-FDG  PET/CT  is  recommended  in the  follow-up  of
high-risk  patients  with  elevated  serum  thyroglobulin  and  negative 131I imaging,  in the  assessment  of
metastatic  patients,  for lesion  detection  and  risk  stratification  and  in  predicting  the  response  to  ther-
apy.  It  should  be  considered  that  well-differentiated  iodine  avid  lesions  could  not  concentrate 18F-FDG,
and  a reciprocal  pattern  of iodine  and 18F-FDG  uptake  has  been  observed.  Beyond 18F-FDG,  other  trac-

124 18
ers  are  available  for  PET  imaging  of  thyroid  tumors,  such  as Iodine-124  ( I), F-tetrafluoroborate  and
Gallium-68  prostate-specific  membrane  antigen.  Moreover,  the  recent  introduction  of PET/MRI,  offers
now several  opportunities  in  the field  of  patients  with  DTC.  This  review  summarizes  the  evidences  on  the
role  of PET/CT  in  management  of patients  with  DTC,  focusing  on potential  applications  and  on  elucidating
some  still  debating  points.

©  2021  Société  franç aise  de  radiologie.  Published  by  Elsevier  Masson  SAS. All  rights  reserved.
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1. Introduction

Differentiated thyroid cancer (DTC) represents the majority
of thyroid cancers and generally has a very good outcome, with
an overall risk of relapse that never exceed 20% [1,2]. Among
DTC, aggressive tumors with a worse prognosis are less frequent.
The standard treatment consists of total or near-total thyroidec-
tomy followed by iodine-131 (131I) ablation therapy. Follow-up

in patients with DTC consists of periodically measurements of
thyroglobulin (Tg), Tg antibodies (Tg-Ab) and neck ultrasound.
Other conventional imaging methods used in the workup of

Abbreviations: AJCC/UICC, American Joint Committee on Cancer/Union for
International Cancer Control; ATA, American Thyroid Association; DTC, differ-
entiated thyroid cancer; FDG, 2-[18F]-fluoro-2-deoxy-d-glucose; MRI, magnetic
resonance imaging; NIS, sodium iodide symporter; PET/CT, positron emission
tomography/computed tomography; PSMA, prostate-specific membrane antigen;
SUV, standardized uptake value; TFB, tetrafluoroborate; Tg, thyroglobulin; Tg-Ab,
thyroglobulin-antibodies; TNM, tumor node metastasis; WBS, whole-body scan.
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hyroid cancer include also computed tomography (CT) and mag-
etic resonance imaging (MRI), which can provide important
natomic information on the thyroid and surrounding structures.
he 123I/131I whole-body scan (WBS) is largely used in patients
ith high- or intermediate-risk of persistent disease [3,4]. How-

ver, although the majority of tumor cells in DTC retain the ability
o trap iodine, undifferentiated thyroid tumors have a lower avidity
or radioiodine. Furthermore, the ability of DTC to concentrate 131I

ay  be lost in metastatic disease, most likely because of transfor-
ation to less-differentiated tumors. In these patients WBS  scan

hows poor sensitivity, resulting in negative findings in 10% to 15%
f patients, thus making management of such patients still chal-
enging [5].

The introduction of positron emission tomography/computed
omography (PET/CT) in the clinical use has substantially changed
he management of patients with cancer [6]. 2-[18F]-fluoro-2-
eoxy-d- glucose (FDG) has been largely validated as marker of

ell’s metabolism, due to over-expression of regulatory glycolytic
nzymes and transporters in less-differentiated cells [7–9]. Since
he first report in 1987, 18F-FDG PET/CT has emerged as an impor-
ant tool for the management of patients with DTC and an increased
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Fig. 1. Diagram illustrates the flip-flop phenome

uptake has been observed in more aggressive tumors [10]. Accord-
ing to the 2015 American Thyroid Association (ATA) guidelines,
18F-FDG PET/CT is not recommended for the evaluation of thyroid
nodules or as routine preoperative scanning [11]. However, 18F-
FDG PET/CT is strongly recommended in the follow-up of high-risk
patients with elevated serum Tg and negative 131I imaging. 18F-
FDG PET/CT can be also indicated for the evaluation of response
to therapy, for lesion detection in metastatic patients and for pre-
diction of outcome in high-risk patients. In addition, the results of
18F-FDG PET/CT may  modify the indications for 131I treatment or
surgery, when small areas of FDG uptake are detected. It should be
considered that well-differentiated iodine avid lesions could not
concentrate 18F-FDG, and a reciprocal pattern of iodine and 18F-
FDG uptake, or “flip-flop relationship”, has been confirmed in large
series of patients [12]. Iodine-124 (124I) has been introduced for the
evaluation of patients with differentiated tumors by using PET/CT
imaging.

The objective of this review was to summarize the evidences on
the role of PET/CT in the management of patients with DTC, focus-
ing on potential applications and on elucidating some still debated
issues.

2. PET/CT technique

PET imaging is a tomographic method which allows non-
invasive quantitative assessment of biochemical and functional
processes. PET technology uses a ring detector system for detec-
tion of coincidences, by using positron-emitting radionuclides. The
radionuclides decay by positron emission and the annihilation of
positron and electron results in two 511 keV � photons. A wide
range of positron-emitting radionuclides are available in PET imag-
ing, and many of them have a short half-life, which requires an
expensive cyclotron production facility on the same site. On the
other hand, 18F (half-life 110 minutes) and 124I (half-life 4.2 days)

have a slightly longer half- life allowing them to be transported
from the production facility to other imaging sites. This explains
the popularity of these PET radiopharmaceuticals into the daily
practice.
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hich is the molecular basis of dedifferentiation.

Integrated PET with CT in a single unit (PET/CT) provides
everal advantages, including a more accurate localization and
haracterization of detected lesions than either PET or CT alone
13]. Moreover, the addition of CT leads to perform accurate
ttenuation correction, which is necessary for the evaluation of
ome areas, such as brain, neck or chest. Beyond visual analy-
is, PET/CT provides semi-quantitative measurements of tracer’s
ptake, including standardized uptake values (SUV). With its
igh sensitivity and resolution, PET/CT has emerged as a robust
iagnostic tool by comparison with other contemporary imaging
odalities.

. 18F-FDG uptake in DTC

The glucose analogue18F-FDG is the most commonly used
adiotracer into oncological imaging, for staging, restaging and
valuation of response to therapy in several tumors [14,15]. It is
aken up into cells via the glucose transporters (GLUT), but it cannot
e metabolized to FDG-6-phosphate. Therefore, its uptake reflects
ormal and abnormal metabolic activities and it is used for cancer
etection, staging and recurrence. In patients with DTC, it has been

argely observed that lesions with high 18F-FDG and low radioio-
ine uptake, are more clinical aggressive [16,17]. The “flip-flop
henomenon” consists of a mismatch between glucose and iodine
ptake in patients with DTC, due changes in cell metabolism during
edifferentiation process (Fig. 1).

18F-FDG-avid lesions provide potentially relevant information
n tumor biology and help identify patients with high-grade
umors and poor prognosis [12]. Rivera et al. performed histologi-
al examination of metastatic tissue from 70 patients with negative
adioiodine and positive 18F-FDG PET/CT imaging [18]. They found
hat 33 patients (47%) had poorly differentiated thyroid tumors, 14
20%) tall cell variant, 16 (23%) well DTC, 6 (9%) Hurtle cell carci-
oma and 1 (1%) anaplastic disease. Moreover, in 63% of patients,

etastatic sites showed a progression to a higher grade when com-

ared to the primary tumor. These findings suggest that the lowest
s the degree of differentiation of malignant cells, the highest is
heir ability to take up 18F-FDG.
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Fig. 2. Representative example of diffuse (A, B, C) and focal (D, E, F) uptake pattern 

The expression of GLUT in thyroid carcinoma cells tissues has
been also evaluated [19–21]. It has been observed an increased
expression of GLUT-1 and GLUT-3 in malignant tissue with an over-
expression in less-differentiated cells. Haber et al. found that at
immunohistochemical evaluation GLUT-1 was strongly expressed
in 52.9% of patients with papillary thyroid cancer (PTC) and in 100%
of those with anaplastic cancer [19].

Reduced sodium iodide symporter (NIS) and increased GLUT-
1 expression were also observed in PTC refractory to radioiodine
and in DTC with BRAF mutation [20]. Moreover, Ricarte-Filho et al.
reported that DTC non-avid for 131I and positive for 18F-FDG PET/CT,
more frequently harbored RAS mutations than BRAF in primary
tumors, while the opposite was found in metastases [21]. The same
researchers observed that, if BRAF were mutated in the primary
tumor, then the metastases would likely harbor the defect [21].
These findings suggest that metastases positive at 18F-FDG and neg-
ative at radioiodine would have a mutational profile and several
molecules may  play a role leading to enhanced glucose uptake.

4. Thyroid incidentalomas

Thyroid incidentaloma is a thyroid gland lesion discovered dur-
ing radiological examination in patients without history of thyroid
disease. The widespread use of 18F-FDG PET/CT leads to an increas-
ing number of thyroid incidentalomas, identified as abnormal focal
or diffuse FDG uptake into the thyroid bed. The prevalence of FDG-
avid thyroid incidentaloma ranges between 0.2% and 8.9% [22–25].
Kang et al. found 1151 FDG-avid thyroid incidentalomas in a total
of 12,840 patients, with a prevalence of 8.9% [23]. On the opposite,
the lowest prevalence was  reported by King et al., with 22 FDG-avid
thyroid incidentalomas observed among 15,711 patients (0.2%)
[24]. It should be considered that glucose uptake can be nonspecific
and the incidence of malignancies amongst thyroid incidentalomas
ranges between 8 and 64% [20]. Hagenimana et al. reviewed 40,914
patients who underwent 18F-FDG PET/CT [26]. They found that thy-
roid incidentaloma was relatively infrequent, with a prevalence of
0.74%, but with a high potential risk of malignancy (8%) [26].

A systematic review and meta-analysis by Nayan et al. found a
pooled proportion of malignancy of 19.8% among 31 reports ana-
lyzed [27]. A higher risk of cancer seems to be related to focal or
unilateral uptake of 18F-FDG, in particular in lesions with higher
standardized uptake value (SUV) or suspicious CT, while diffuse
uptake is mainly associated with benign lesions [23]. An example
of focal and diffuse uptake pattern of 18F-FDG uptake is depicted in
Fig. 2. Among patients with focal uptake, 18F-FDG PET/CT show a

sensitivity of 100%, a specificity of 69%, a positive predictive value
of 62% and a negative predictive value of 100% for detection of
malignancies [28]. A wide range of values has been reported for
sensitivity (60 to 80%) and specificity (66 to 91%) [29]. Iagaru et al.,
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-FDG positron emission tomography/computed tomography (PET/CT) imaging.

n patient with DTC, found that 18F-FDG PET/CT had high sensitivity
88%) and specificity (89%) during for follow-up [30].

There are discordant approaches toward 18F-FDG-avid thyroid
ncidentalomas. Some authors suggest no need to perform further
valuation, unless a strong clinical suspicious is present, consider-
ng that the majority of 18F-FDG-avid thyroid incidentalomas are
enign lesions. By contrast, other authors concluded that the rel-
tively high prevalence of malignancy in these patients mandates
dditional evaluation to rule out possibility of malignancy. In this
eld, ultrasound has been identified as a reliable tool to stratify the
isk of malignance in focal uptake at 18F-FDG PET/CT imaging. This
pproach has been proposed as a gatekeeper in selecting patients
or further investigations [31].

. Initial staging and risk stratification

In patients with DTC, preoperative staging for evaluation of the
rimary tumor and nodal metastasis is important for determin-

ng the extent of surgery and proper management. The current
TA guidelines do not recommend 18F-FDG PET/CT as routine pre-
perative scanning [11]. In particular, 18F-FDG PET/CT imaging
emonstrated low sensitivity (30%), despite a good specificity (94%)
or the evaluation of nodal status [32]. Postoperative decision-

aking is guided by clinical and pathological information, based on
he American Joint Committee on Cancer/Union for International
ancer Control (AJCC/UICC) Tumor Node Metastasis (TNM) stag-

ng system and the ATA risk stratification system. The AJCC/UICC
NM system is a standard tool for the initial risk assessment of
atients with DTC, able to predict mortality but not the risk of recur-
ence. Thus, the ATA risk stratification system has been proposed
o assess the risk of recurrence or persistence disease in patients
ith DTC [11]. The administration of 131I is indicated in ATA high-

isk patients, but not in those at low-risk with tumor size > 1 cm.
ifferently, in low-risk patients with tumor size > 1 cm as well as

n those at low-to-intermediate-risk, the indication to treatment
s related to other factors, including age or risk of persistent or
ecurrent disease [11]. Post-therapy 131I WBS  is able to detect the
resence distant metastasis earlier [33]. However, in patients with
igh-grade tumors, post-therapy 123I/131I WBS  may  be false nega-
ive and the overall extent of disease may  not be demonstrated. In
hose patients, the results of 18F-FDG PET/CT improve risk strati-
cation during initial staging of patients with DTC and modify the

ndications to 131I treatment.
It has been reported that 18F-FDG PET/CT concurrent with 131I

herapy could detect abnormal uptake areas in 33% of the patients

ith locoregional disease and cervical lymph node metastasis [34].

able 1 summarizes the results of 18F-FDG PET/CT performed at
he time of 131I ablation therapy. Lee et al. evaluated 258 patients
t intermediate- and high-risk DTC and they found that, among 50
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Table  1
18F-FDG PET/CT in the evaluation of patients at the time of 131I treatment.

Author Patients (n) PET+ Study population

Lee et al. [35] 258 17% Intermediate-to-high ATA risk
Nascimento et al. [36] 38 53% Aggressive tumor at histopathological analysis
Rosenbaum-Krumme et al. [37] 90 29% High ATA risk
Liu  et al. [38] 104 88% DTC patients with high serum Tg
Al-Zahrani et al. [39] 26 69% Newly diagnosed DTC patients
Gaertner et al. [40] 141 33% Newly diagnosed DTC patients
Pace  et al. [41] 60 17% Low, intermediate and high ATA risk
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18F-FDG: 2-[18F]-fluoro-2-deoxy-d-glucose; PET/CT: positron emission tomography
cancer;  Tg: thyroglobulin.

patients with positive 18F-FDG PET/CT imaging, 39 (78%) of them
did not show pathological findings at post-therapy 123I/131I WBS
[35]. These researchers observed that the presence of patholog-
ical uptake at 18F-FDG PET/CT, as well as a change in treatment
strategy, varied according to histopathologic stage of the patients
[35]. In particular, the frequency of additional lesions and treat-
ment change according to 18F-FDG PET/CT findings were greater
in patients at T3 or T4 and N1 stage with tumor size > 2.0 cm,
suggesting that both stage and size can predict 18F-FDG PET/CT
results [35]. These findings were further confirmed in 38 patients
with aggressive tumors at histopathologic analysis [36]. Abnormal
uptake findings at 18F-FDG PET/CT imaging were found in 15 (39%)
of patients, with a higher prevalence in those with TSH-stimulated
Tg levels > 10 ng/mL evaluated [36].

The role of 18F-FDG PET/CT in changing management was eval-
uated by Rosenbaum-Krumme et al. in 90 high-risk patients [37].
They found that 26 patients (29%) of the overall population had
positive 18F-FDG PET/CT findings, leading to a change of TNM stage
and treatment strategy in (19) 21% patients. A significant differ-
ence in Tg values was observed according to 18F-FDG PET/CT results
[37]. This is probably explained by the evidence that a rising in
Tg levels may  be due by a higher tumor burden rather than by
less-differentiated tumor cells. 18F-FDG PET/CT can identify these
patients with high postoperative Tg levels, which may  not ben-
efit from iodine treatment leading to an improved management
of disease [38]. A SUVmax value > 4 has been identified as a good
cutoff in identifying non-avid 131I lesions. These evidences suggest
that patients with aggressive histology and elevated Tg levels may
benefit from 18F-FDG PET/CT.

When 18F-FDG PET/CT is performed at the time of 131I abla-
tion, it seems able to predict response to therapy and stratify
patients according to the risk of persistence or recurrence of dis-
ease. Alzahrani et al. compared 18F-FDG PET/CT and post-therapy
123I/131I WBS  findings in 26 DTC patients [39]. 123I/131I WBS  was
positive in all patients, while 18F-FDG PET/CT in 18 (69%) of those.
During a follow-up of 30 months, remission was observed in 7
(87.5%) patients with 8 negative 18F-FDG PET/CT examinations,
while 10 (56%) patients with abnormal 18F-FDG PET/CT examina-
tion had persistent disease or progression [39].

A complete remission was more frequently observed among
patients with negative 18F-FDG PET/CT as compared to those with
positive scans. Gaertner et al. observed that patients with positive
18F-FDG PET/CT scan at the time of ablative 131I therapy showed
poorer biochemical response and lower survival as compared
with those with negative scan [40]. As compared to post-therapy
123I/131I WBS  findings, survival rates were 61% in patients with
positive and 58% in those with negative scan. Earlier deaths were
found in patients with positive 18F-FDG PET/CT imaging and
negative 123I/131I WBS, maybe due to the presence of dedifferen-

tiated cancer cells. However, from these data neither age nor the
presence of distant metastases at conventional imaging resulted
as predictors of overall survival. 18F-FDG PET/CT seems to be more
predictive for long-term survival, whereas radioiodine uptake is
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uted tomography; ATA: American Thyroid Association; DTC: differentiated thyroid

ore important for short-term response. In particular, overall sur-
ival was 48.5% in patients with positive 18F-FDG PET/CT and 100%
n those with a negative scan [40]. In another report, Pace et al.
valuated the impact of 18F-FDG PET/CT performed after surgery
ut before radioiodine treatment [41]. Among 60 patients enrolled,
0 (17%) had abnormal 18F-FDG PET/CT findings, and half of them
ere in stage I. During a median follow-up of 48.5 months, patients
ith positive 18F-FDG PET/CT scan showed a higher rate of recur-

ence. Thyroglobulin, neck ultrasound, stage and 18F-FDG PET/CT
esulted as independent predictors of outcome and patients with a
egative 18F-FDG PET/CT scan showed better survival either in the
verall population as well as in patients with elevated Tg level [41].

Although the majority of studies are retrospective, the popu-
ation analyzed is heterogeneous in term of stage, risk class and
istology, and differs in end-point selection, the results are quite
onsistent. The prevalence of positive 18F-FDG PET/CT varies from
7 to 88%, in particular in high and intermediate-to-high-risk
atients, leading to a change in management up to 38% of patients.
atients with a negative 18F-FDG PET/CT show higher response to
adioiodine ablation therapy than those with a positive one, with
tronger evidence in high-risk DTC and in those with aggressive his-
ology. In patients undergoing initial 131I ablation, 18F-FDG PET/CT
an help the choice of the most appropriate treatment modality
dding a more objective tool to the currently widely used staging
ystems.

. 18F-FDG PET/CT during follow-up

Despite a good prognosis, 15% of patients with DTC show
rogression of disease during follow-up, with local or regional
ecurrence in 5–20% of patients and distant metastases of lungs and
ones in up to 10% [42,43]. According to ATA guidelines, follow-
p is usually performed by Tg serum dosage, neck ultrasound
nd 123I/131I WBS  in intermediate–high-risk DTC [11]. However,
n patients with more aggressive disease 123I/131I WBS  may  result
alse negative and 18F-FDG PET/CT may  be superior in disclosing
he presence of distant metastases.

The sensitivity, specificity and accuracy of 18F-FDG PET/CT in
etecting recurrence of DTC were 93%, 81% and 93% respectively
44]. Haslerud et al. found that pooled sensitivity and specificity
f 18F-FDG PET/CT in detecting recurrent DTC after thyroidectomy
nd radioiodine therapy were both 79.4% [45]. Similarly, Schütz
t al. found that sensitivity was greater when 18F-FDG PET/CT was
ompared to conventional imaging (94.3 vs. 65.4%, respectively)
46]. From these data 18F-FDG PET/CT emerged as a useful tool for
etecting recurrent DTC in patients undergone 131I ablative ther-
py. Greater sensitivity has been reported in DTC patients with
oorly differentiated tumors or follicular histology [47]. Moreover,

n DTC BRAFV600E mutations are associated with greater 18F-FDG

vidity and SUV max  values as compared to BRAFV600E muta-
ion negative status. In particular, the pooled mean SUV difference
etween BRAF V600E positive and negative patients resulted to be
.1 (CI: 4.3–5.8) [48].
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Table  2
Prognostic role 18F-FDG PET/CT during follow-up.

Author Patients (n) PET+ FU time (month) OS (PET+/PET-) PFS (PET +/PET-)

Deandreis et al. [55] 45 75% 24 60–80 N.A.
Marcus et al. [56] 202 49% 94 40–90 N.S.
Vural  et al. [57] 105 71% 36 92–100 47–67
Masson-Deshayes et al. [58] 37 N.A. 42 NA 8–40
Terroir et al. [59] 55 N.A. 6 66–93 N.A.
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18F-FDG: 2-[18F]-fluoro-2-deoxy-d-glucose; PET/CT: positron emission tomography
not  available; PFS: progression-free survival; OS: overall survival.

According to ATA guidelines, the main indication for 18F-
FDG PET/CT is in patients with elevated thyroglobulin level but
negative 123I/131I WBS  [11]. A meta-analysis on the impact of
18F-FDG PET/CT patients with elevated serum Tg and negative
131I WBS  reported sensitivity and specificity values of 93% and
85%, respectively [49]. 18F-FDG PET/CT showed moderate sensi-
tivity (84%) and specificity (78%) for the detection of recurrent
diseases also in patients with elevated Tg-Ab levels and negative
131I WBS  [50]. The performance of18F-FDG PET/CT in detecting
Tg-positive and radioiodine-negative metastases of DTC is also
improved after TSH stimulation [51]. Triviño Ibáñez et al. found
that 18F-FDG PET/CT performed 3–6 months after RAI was found
able to change treatment management plans and initial staging
in intermediate–high-risk patients [52]. An excellent response to
therapy was observed in patients with a negative 18F-FDG PET/CT
[48]. Kim et al. confirmed that 18F-FDG PET/CT has high negative
predictive value (92%) in 70 patients up to 12 months after ablation
[53].

The main role of 18F-FDG PET/CT during follow-up is related
to high negative predictive value. Moreover, a better outcome is
observed when appropriate therapies are performed in subjects
with a positive 18F-FDG PET/CT. Dennis et al. found that a good
biochemical response was obtained when patients with positive
18F-FDG PET/CT were addressed to additional survival or radiation
therapy as compared to a conservative approach [54]. During long-
term follow-up, 18F-FDG PET/CT findings show high prognostic
impact (Table 2) [55–59]. In 80 patients with recurrent metastatic
DTC, Deandreis et al. found that 18F-FDG uptake was the only
significant prognostic factor for overall survival while 131I WBS
was more predictive for stable disease [55]. Marcus et al. inves-
tigated the prognostic impact of 18F-FDG PET/CT performed more
than 6 months from ablative therapy in 202 patients and found
that 18F-FDG PET/CT, stage and time-to-scan were the only vari-
ables associated with outcome [56]. Similar results were observed
by Vural et al. in 105 patients with elevated Tg but negative 131I
WBS  [57]. Among patients with negative 18F-FDG PET/CT, no recur-
rences occurred in patients with undetectable Tg values. On the
contrary, 18F-FDG positivity was related with extra thyroidal spread
and elevated Tg values. The combined evaluation of Tg levels and
18F-FDG PET/CT was crucial in management of patients negative
123I/131I WBS. A negative 18F-FDG PET/CT is able to predict a favor-
able prognosis and lack of recurrence during follow-up in patients
with undetectable Tg. The overall survival is also related to both the
number of lesions detected by 18F-FDG and the intensity of uptake.
These data were confirmed by Masson-Deshayes et al. in 37 patients
with metastatic DTC [58]. Both the number (≤ 10 vs. > 10) and activ-
ity (measured as SULpeak: ≤ 5 vs. > 5) of lesions at 18F-FDG PET/CT
imaging, were prognostic factors for progression-free survival. Dif-
ferently, Terroir et al. found that metabolic activity of detected
lesions was not related with the rate of tumor growth at 1 year
[59]. However, overall survival correlated with the overall tumor

burden, expressed as metabolic rate volume. Despite from these
data intensity of 18F-FDG uptake did not result as marker for tumor
growth, a tumor burden index as metabolic rate volume obtained
by 18F-FDG PET/CT seems to be a powerful prognostic indicator.
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puted tomography; FU: follow-up; N.S.: not significant at statistical analysis; N.A.:

From the literature data, it can be suggested to perform 18F-
DG PET/CT in the follow-up of patients at intermediate–high-risk,
articularly in those with high Tg level and negative WBS.

. 18F-FDG PET/CT in empiric RAI treatment

In patients with detectable Tg levels and negative 123I/131I WBS,
lso in absence of morphological findings during follow-up, empiric
herapy with 131I can be performed to better detect sites of disease
nd for the treatment not amenable to surgery [11,60]. To prevent
he administration of inappropriate 131I doses to patients likely to
ave a late response to initial treatment, an accurate selection of
atients who  need a further empirical 131I therapy is necessary. In
his context nuclear imaging modalities, including 123I/131I WBS
nd 18F-FDG PET/CT, may  play a major role. Although these meth-
ds provide complementary information, extra thyroidal uptake is
ore frequently detected at 18F-FDG PET/CT [61].
Leboulleux et al. evaluated 34 patients with DTC before empiric

31I therapy and found that 18F-FDG PET/CT was more sensitive
han 131I post-therapy WBS  (88% vs. 16%, respectively) in detect-
ng disease [62]. This finding is not surprising since it has been
eported that tumors with high 18F-FDG PET/CT uptake generally
ail to concentrate 131I, and thus 131I could be less appropriate in
hese patients [61–63]. Rosario et al. evaluated 24 subjects with
ising Tg values and negative findings on 131I WBS, ultrasound, CT
nd 18F-FDG PET/CT [63]. The presence of elevated Tg values or
etastases during follow-up were observed in a 6 of them (n = 6/24;

5%). Similarly, Salvatore et al. evaluated 45 patients undergoing
8F-FDG PET/CT before a second 131I therapy based upon rising of
g levels [64]. The response to therapy was  assessed by serum Tg
osages during a median follow-up of 15 months. 18F-FDG PET/CT
as  positive in 34 (69%) and negative in 15 (31%) patients [64].

hey found that normalization of Tg values was more frequent in
atients with negative 18F-FDG PET/CT (n = 11; 73%) as compared
o those with positive scan (n = 8; 23%). Overall, longer survival has
een reported in patients with negative 18F-FDG PET/CT than in
hose with positive scans [55–59,64,65].

The use of empiric 131I therapy could be suggested only in
atients showing progression of Tg values and without 18F-FDG
ET/CT uptake. Both response rate to empiric 131I therapy and
verall survival are consistently higher in subjects with negative
8F-FDG PET/CT than in those with positive findings [65]. Thus,
mpiric iodine-131I therapy should be avoided in 18F-FDG PET/CT
ositive patients, whereas it is appropriate for those who are 18F-
DG PET/CT scanning negative. A significant decrease in serum
g values without any treatment during follow-up is frequently
bserved and thus the decision to perform an empiric 131I therapy
hould be tailored to the individual patient. A representative case
f a patient candidate to empiric 131I therapy, negative 131I WBS
nd positive 18F-FDG PET/CT is reported in Fig. 3.
According to the 2015 ATA guidelines, 18F-FDG PET/CT can
e useful prior to consider an empiric therapy when Tg levels
re > 10 ng/mL [11]. However, no clear cutoff value of Tg has been
stablished in clinical routine. There is a greater probability of pos-
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Fig. 3. A 54-year-old woman with papillary thyroid cancer, treated with surgery and
up,  a diagnostic 131I whole-body scan (WBS) (185 MBq  of 131I) (A) and 2-[18F]-fluo
(PET/CT) (B, C, D, E, F) were performed. 18F-FDG PET/CT evidenced two areas of foca

itive 18F-FDG PET/CT when Tg level is > 5 ng/mL and Tg doubling
time is < 1 year [66,67]. Albano et al. observed a higher diagnostic
performance of 18F-FDG PET/CT when doubling time is less than or
equal to 2.5 years, as compared with using the absolute Tg level [68].
Thus, a possible approach could be the execution of 18F-FDG PET/CT
only in patients with rapidly rising Tg, in which an empiric 131I ther-
apy could be administered in the presence of a negative scan. On the
contrary, in patients with positive 18F-FDG PET/CT scan, alternative
therapy must be considered.

8. 124I-PET/CT

Despite suboptimal physical features, 124I-PET imaging is feasi-
ble, offering several technical advantages, including better spatial
resolution and diagnostic sensitivity, than 131I SPECT imaging [69].
Moreover, using particular scanner settings, simultaneous adminis-
tration of a therapeutic dose of 131I and a tracer dose of 124I allows
for accurate measurement of iodine uptake during therapy [68].
124I show longer half-life as compared to 18F-FDG, and the first
scan is usually taken at 24 h after tracer administration. Images
can be obtained up 120 hours after the administration, allowing
performing dosimetric studies [70].

In a meta-analysis, diagnostic capability of 124I-PET/CT in iden-
tifying DTC lesions has been tested and an excellent sensitivity
(94.2%) but a low specificity (49.0%) were found [71]. The authors
concluded that 124I-PET/CT is a sensitive tool to identify DTC lesions.
Moreover, 124I-PET/CT showed better performance than 123I/131I
WBS [72–74]. In particular, it has been observed that diagnostic
accuracy of 124I-PET/CT is higher than diagnostic 123I/131I WBS,
but equivalent to post-therapy 123I/131I WBS  planar imaging. How-
ever, 124I-PET/CT imaging is able to better detect abnormal uptake
areas as compared to planar imaging [72]. Capoccetti et al. found
that 124I-PET/CT improved the detection of previously unknown
both lymph node and distant metastases [73]. These data were
confirmed by Rosenbaum-Krumme et al. who analyzed kinetic
quantities by determining the maximum activity concentration and

effective half-life of each lesion [74]. Therefore, in patients with
suspected recurrence of disease, with elevated thyroglobulin val-
ues and negative 123I/131I WBS  conventional imaging, the use of
124I-PET/CT has been proposed in order to overcome the lack of
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lative therapy 6 years ago. Because of rising thyroglobulin (Tg) values during follow-
eoxy-d-glucose (18F-FDG) positron emission tomography/computed tomography

ke (arrows). Diagnostic 131I WBS  was negative.

ensitivity of conventional planar imaging [75]. Freudenberg et al.
ompared 124I and 18F-FDG PET/CT in the detection of recurrent
TC lesions in patients with increasing Tg but without cervical
athology on ultrasonography [76]. The sensitivities for detection
f recurrences were 60% for 124I and 65% for 18F-FDG PET/CT, with
ne-third of lesions showing abnormal findings at both 124I and 18F-
DG PET/CT [76]. These data suggest that the combined evaluation
f both imaging modalities could improve restaging in recurrent
TC. The widespread use of this technique is limited by some pit-

alls, including the high prevalence of nonspecific uptake near the
rachea and the low accuracy in detecting lung metastases [77,78].

In DTC, the main and more promising application for 124I seems
o be the estimation of the absorbed dose to thyroid cancer lesions.
he amount of 131I activity to be administered before radioiodine
herapy is usually obtained by using a “standard” activity approach.
he “dosimetric” approach consists on the administration of an
ptimum therapeutic activity individually estimated for every sin-
le patient. The dosimetric approach lead to obtain a therapeutic
ffect keeping the administered 131I activity below the patient’s
oxicity limit of the organs at risk, primarily the bone marrow and
he lungs. Dosimetry using 124I-PET is a complex procedure that
an be performed in order to improve staging and to optimize
dministred activity for remnant ablation. Moreover, in patients
ith multiple metastases, 124I-PET dosimetry is used to establish

he maximum dose that can be delivered to each lesion, avoiding
ide effects on organs at risk. For this purpose, serial 124I-PET/CT
cans are performed to determine the time uptake curves and to
elineate the volumes of the lesions. The 124I data obtained are
hen used to project the absorbed dose per unit administered 131I
ctivity. This model was  first applied by Freudenberg et al. using a
rotocol of five PET acquisitions, in order to estimate the absorbed

esion dose per GBq of administered 131I and thus to calculate
he minimum effective activity. The efficacy is low for lesions
eceiving < 80 Gy, while when the estimated dose is < 40 Gy, other
herapeutic option have to be considered [79]. The EANM dosime-
ry committee proposed a dosimetric operational model in order
o standardize pre-therapeutic procedures [80,81]. Moreover, a

implified protocol with two PET acquisitions has been proposed
or the convenience of patients and staff and to reduce healthcare
osts [82].
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9. New advances in PET tracers

In some challenging patients, traditional radiotracers may  fail in
detecting the presence and the extent of disease. For this purpose,
new promising tracers have been developed for the evaluation
of patients with thyroid tumors [83]. The 18F-tetrafluoroborate
(18F-TFB) is an anion analog of iodine, recently proposed as novel
PET tracer for imaging the human NIS [84]. The radiolabeling
with fluorine provides several advantages as compared to 124I,
including lower effective dose due to optimal half-life and the
lack of on-site cyclotron. The biodistribution of 18F-TFB have
been tested in patients with thyroid cancer and it was similar to
99mTc-pertechnetate [84]. Once injected, 18F-TFB shows specific
accumulation in thyroid and high thyroid-to-blood concentration
ratio. Samnick et al. compared 18F-TFB and 124I in 9 patients
with newly diagnosed DTC. The PET/CT showed abnormal uptake
areas in all patients at both imaging modalities, with an overall
agreement at per-lesion analysis of 91% [85]. Interestingly, 18F-TFB
demonstrated higher accumulation in secondary lesions, resulting
able to identify additional cervical lymph node metastases in 2
patients [85]. This could be explained considering that, unlike
to iodine, 18F-TFB do not undergo organification, resulting in a
relatively lower uptake in normal thyroid tissue. More recently
Dittmann et al. compared 18F-TFB and 131I d-WBS in 25 patients
with recurrent DTC [86]. 18F-TFB PET/CT imaging detected struc-
tural recurrence from DTC in significantly more patients as
compared to traditional 131I imaging. Moreover, 6 patients showed
abnormal 18F-TFB and 18F-FDG uptake by cervical lymph nodes
that were not observed with 131I d-WBS [86]. The detection of NIS
on cell surface changed the patient’s management: the patients
with 18F-TFB uptake were reclassified as only partly dedifferen-
tiated [86]. It should be considered that 5–15% among patients
with DTC become refractory to 131I treatment due to tumor’s
dedifferentiation [86]. Those patients show poor prognosis and
alternative therapies are needed. The prostate-specific membrane
antigen (PSMA) is a transmembrane glycoprotein receptor, mainly
expressed in prostate carcinoma but also in the neovasculature
of several tumors, including dedifferentiated thyroid carcinoma
[87]. The 68Ga-PSMA has been proposed as potential target for
theranostics in DTC, in order to select the patients eligible for
177-Lutethium (177Lu)-PSMA therapy [87,88]. Lawhn-Heath et al.
evaluated 11 patients with thyroid carcinoma; of those, 7 showed
dedifferentiated disease. Among 43 lesions, a lower detection rate
was found for 68Ga-PSMA as compared to 18F-FDG [88]. Differently,
de Vries et al. evaluated 5 patients with thyroid tumors refractory
to found that 68Ga-PSMA PET/CT appears to have added value in
patients with RAI-refractory to 131I treatment [87]. They found
that 68Ga-PSMA was able to detect lesions more accurately than
18F-FDG. The agent 2-(3-{1-carboxy-5-[(6-[(18)F]fuoropyridine-
3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid (DCPyl)
labeled with 18F is a PSMA imaging agent, recently proposed as
PET agent for the evaluation of DTC [87]. An exploratory study
by Santhanam et al. tested 18F-DCPyl in 5 patients with DTC
refractory to 131I treatment and it was found to be able in detecting
neoangiogenesis within the tumor [89].

Further prospective studies are needed in order to validate those
promising tracers in management of patients with DTC.

10. PET-MRI: a new technologic advance

Magnetic resonance imaging (MRI) is a sensitive imaging modal-

ity, able to localize the site of potential recurrence of DTC in the
neck, mediastinum, bones and liver, despite a lower accuracy in
detection of lung lesions [90]. Simultaneous PET/MRI is a promising
tool with a great potential to provide complementary data acquired
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t the same time and conditions. Moreover, MRI  leads to a substan-
ial reduction of the total radiation dose to the patient compared to
ET/CT [91].

A few studies including limited numbers of patients, evaluated
he role of PET/MRI in the management of DTC patients [92–95]. A
omplementary role of 18F-FDG PET/CT and MRI  was first observed
y Hempel et al. in 46 patients with elevated serum Tg levels,
egative neck ultrasound, and negative 131I WBS  and found a com-
lementary role for the two  imaging modalities [92]. Vrachimis
t al. evaluated 12 patients with DTC and they observed an excel-
ent agreement between 18F-FDG PET/CT and PET/MR despite, as
xpected, an inferior sensitivity of MRI  in detection of lung metas-
ases [93]. These findings were confirmed by Varoquaux et al. in
2 patients with head and neck tumors [94]. More recently, Klain
t al. sequentially performed 18F-FDG PET/CT and 18F-FDG PET/MR
n 40 consecutive patients with DTC previously treated with total
hyroidectomy and radioiodine ablation [95]. 18F-FDG PET/MRI
howed positive findings in 11/40 (27.5%) patients and 18F-FDG
ET/CT in 10/40 (25%) [95]. In particular, 18F-FDG PET/MRI and
8F-FDG PET/CT were able to detect 33 and 30 tumor foci, respec-
ively [95]. During a short-term follow-up, among 12 patients with

 detectable serum Tg and without abnormal findings at baseline
ET imaging, neck recurrence occurred in only 1 patient. More-
ver, in the 17 patients with an initial serum Tg level < 2 ng/mL, no
atients had neck recurrence [95]. Despite the limited number of
vailable data, PET/MRI seems to be a promising tool in the eval-
ation of patients with DTC. When available, PET/MRI might be
erformed in selected patients to reduce radiation exposure and in
hose for whom a MRI  is indicated.

1. Conclusion

Based on this review of literature, PET/CT emerged as a
seful tool in the management of patients with DTC. 18F-FDG
ET/CT should be performed at initial evaluation in patients with
ntermediate-to-high-risk DTC. During follow-up 18F-FDG PET/CT
s recommended in those with rising Tg and shorter Tg doubling
ime. Moreover, patients scheduled for empiric radioiodine therapy
hould undergo 18F-FDG–PET/CT since a positive scan could iden-
ify patients with a low response to radioiodine. Beyond 18F-FDG,
ther tracers including 124I showed encouraging results in dosimet-
ic approach. Moreover, the availability of new tracers, including
8F-TFB and 68Ga-PSMA, and new cameras such as PET/MRI, opened
ew opportunities in selecting patients with DTC to specific treat-
ent or when MRI  is indicated.
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The incidence of 18F-FDG PET/CT thyroid incidentalomas and the prevalence
of  malignancy: a prospective study. Turk J Med  Sci 2016;46:840–7.

30] Iagaru A, Kalinyak JE, McDougall IR. F-18-FDG PET/CT in the management of
thyroid cancer. Clin Nucl Med  2007;32:690–5.

31] Trimboli P, Knappe L, Treglia G, Ruberto T, Piccardo A, Ceriani L, et al. FNA
indication according to ACR-TIRADS, EU-TIRADS and K-TIRADS in thyroid inci-
dentalomas at 18F-FDG PET/CT. J Endocrinol Invest 2020;43:1607–12.

32] Kim JS, Kim HJ. Diagnostic role of F-18-FDG PET/CT for preoperative lymph node
staging in thyroid cancer patients: a systematic review and meta-analysis. Clin
Imaging 2021;66:100–7.

33] Lind P, Kohlfürst S. Respective roles of thyroglobulin, radioiodine imaging, and
positron emission tomography in the assessment of thyroid cancer. Semin Nucl
Med  2006;36:194–205.

34] Iwano S, Kato K, Ito S, Tsuchiya K, Naganawa S. FDG PET performed concur-
rently with initial I-131 ablation for differentiated thyroid cancer. Ann Nucl
Med  2012;26:207–13.

35] Lee JW,  Lee SM,  Lee DH, Kim YJ. Clinical utility of 18F-FDG PET/CT concurrent
with 131I therapy in intermediate-to-high-risk patients with differenti-
ated thyroid cancer: dual-center experience with 286 patients. J Nucl Med
2013;54:1230–6.

36] Nascimento C, Borget I, Al Ghuzlan A, Deandreis D, Hartl D, Lumbroso J,
et  al. Postoperative fluorine-18-fluorodeoxyglucose positron emission tomog-
raphy/computed tomography: an important imaging modality in patients with
aggressive histology of differentiated thyroid cancer. Thyroid 2015;25:437–44.

37] Rosenbaum-Krumme SJ, Görges R, Bockisch A, Binse I. 18F-FDG PET/CT changes
therapy management in high-risk DTC after first radioiodine therapy. Eur J Nucl
Med  Mol Imaging 2012;39:1373–80.

38] Liu M,  Cheng L, Jin Y, Ruan M,  Sheng S, Chen L. Predicting 131I-avidity of metas-
tases from differentiated thyroid cancer using 18F-FDG PET/CT in postoperative
patients with elevated thyroglobulin. Sci Rep 2018;8:4352.

39] Alzahrani AS, Abouzied ME,  Salam SA, Mohamed G, Rifai A, Al Sugair A, et al.
The role of F-18-fluorodeoxyglucose positron emission tomography in the
postoperative evaluation of differentiated thyroid cancer. Eur J Endocrinol
2008;158:683–9.

40] Gaertner FC, Okamoto S, Shiga T, Ito YM,  Uchiyama Y, Manabe O, et al. FDG PET
performed at thyroid remnant ablation has a higher predictive value for long-
term survival of high-risk patients with well-differentiated thyroid cancer than
radioiodine uptake. Clin Nucl Med  2015;40:378–83.

41] Pace L, Klain M, Salvatore B, Nicolai E, Zampella E, Assante R, et al. Prognostic
role of 18F-FDG PET/CT in the postoperative evaluation of differentiated thyroid
cancer patients. Clin Nucl Med 2015;40:111–5.

42] Shaha AR. Recurrent differentiated thyroid cancer. Endocr Pract
2012;18:600–3.

43] Schlumberger M,  Challeton C, De Vathaire F, Travagli JP, Gardet P, Lumbroso
JD,  et al. Radioactive iodine treatment and external radiotherapy for lung and
bone metastases from thyroid carcinoma. J Nucl Med  1996;37:598–605.

44] Caetano R, Bastos CR, de Oliveira IA, da Silva RM, Fortes CP, Pepe VL, et al. Accu-
racy of positron emission tomography and positron emission tomography-CT
in  the detection of differentiated thyroid cancer recurrence with nega-
tive (131) I whole-body scan results: a meta-analysis. Head Neck 2016;38:
316–27.

45] Haslerud T, Brauckhoff K, Reisæter L, Küfner Lein R, Heinecke A, et al. F18-FDG
PET for recurrent differentiated thyroid cancer: a systematic meta-analysis.
Acta Radiol 2016;57:1193–200.

46] Schütz F, Lautenschläger C, Lorenz K, Haerting J. Positron emission tomography
(PET) and PET/CT in thyroid cancer: a systematic review and meta-analysis. Eur
Thyroid J 2018;7:13–20.

47] Grünwald F, Schomburg A, Bender H, Klemm E, Menzel C, Bultmann T, et al.
Fluorine-18 fluorodeoxyglucose positron emission tomography in the follow-
up of differentiated thyroid cancer. Eur J Nucl Med  1996;23:312–9.

48] Santhanam P, Khthir R, Solnes LB, Ladenson PW.  The relationship of BRAFV600E
mutation status to FDG PET/CT avidity in thyroid cancer: a review and meta-
analysis. Endocr Pract 2018;24:21–6.

49] Dong MJ,  Liu ZF, Zhao K, Ruan LX, Wang GL, Yang SY, et al. Value of 18F-
FDG PET/PET-CT in differentiated thyroid carcinoma with radioiodine-negative
whole-body scan: a meta-analysis. Nucl Med  Commun 2009;30:639–50.

50] Kim SJ, Lee SW,  Pak K, Shim SR. Diagnostic performance of PET in thyroid cancer

with elevated anti-Tg Ab. Endocr Relat Cancer 2018;25:643–52.

51] Ma  C, Xie J, Lou Y, Gao Y, Zuo S, Wang X. The role of TSH for 18F-FDG
PET  in the diagnosis of recurrence and metastases of differentiated thyroid

http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0480
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0485
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0490
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0495
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0500
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0505
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0510
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0515
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0520
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0525
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0530
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0535
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0540
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0545
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0550
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0555
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0560
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0565
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0570
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0575
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0580
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0585
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0590
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0595
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0600
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0605
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0610
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0615
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0620
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0625
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0630
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0635
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0640
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0645
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0650
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0655
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0660
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0665
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0670
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0675
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0680
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0685
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0690
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0695
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0700
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0705
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0710
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0715
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/oref0245
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0725
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730
http://refhub.elsevier.com/S2211-5684(21)00085-1/sbref0730


[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

E. Zampella, M. Klain, L. Pace et al. 

carcinoma with elevated thyroglobulin and negative scan: a meta-analysis. Eur
J  Endocrinol 2010;163:177–83.
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