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A B S T R A C T

Background: Both bone metastases and multiple myeloma (MM) are malignant diseases that can appear osteo-
lytic on imaging and are difficult to differentiate. While positron emission tomography/computed tomography
(PET/CT) has been demonstrated useful for the diagnosis of various bone lesions, correlations between PET/CT
and histopathology and these diseases are unclear. This retrospective study investigated the optimal cutoff
standardized uptake value (SUV) to differentiate MM and bone metastasis.
Methods: Patients with newly diagnosed osteolytic lesions (n = 344) and suspected malignancy underwent both
fluorodeoxyglucose (FDG) PET/CT and biopsy/surgery. FDG uptake and morphologic changes (e.g., soft tissue
mass formation) were compared with pathological results.
Results: A total of 8896 osteolytic lesions were evaluated. The SUVmax of MM osteolytic lesions (1.6 ± 0.7) was
significantly lower than that of bone metastases (5.5 ± 2.7; p = 0.000). The best cutoff SUVmax for differ-
entiating MM and bone metastasis was 2.65 (sensitivity 86.1%, specificity 94.7%; p = 0.000). The SUVmax of
bone lesions of soft tissue mass was higher than that for pure osteolytic lesions (p= 0.000). A greater percentage
of patients with bone metastasis had a soft tissue mass (7%) than did patients with MM (2%). The mean SUVmax
of bone metastases was 5.5 ± 2.7 (0.4–30.4); that of primary tumors was 7.5 ± 4.2 (1.0–28.5). The SUVmax of
bone metastases significantly correlated with the SUVmax of primary tumors (r = 0.532; p = 0.000).
Conclusions: FDG PET/CT is a valuable tool to differentiate osteolytic lesions. The best cutoff value of SUVmax
for differentiating MM from bone metastasis is 2.65. The significant correlation between the SUVmax of bone
metastasis and that of primary tumors is helpful for detecting primary tumors.

1. Introduction

Patients with bone destruction are often encountered in clinical
practice. Bone destruction may be due to any of the following: bone
metastases from an occult primary tumor, multiple myeloma (MM),
lymphoma, sarcoma, primary bone tumors, bone tuberculosis, or os-
teomyelitis. The diagnosis of bone metastasis is facilitated when a pri-
mary tumor is obvious on positron emission tomography/computed
tomography (PET/CT). However, if there is no primary tumor a diag-
nosis may be difficult.

Bone metastases and MM are both examples of malignant osseous
diseases. Bone metastases occur in up to 70% of patients with advanced
breast or prostate cancer, and in ~15–30% of patients with lung, sto-
mach, colon, rectum, thyroid, or kidney cancer [1]. For the oncologist,
the presence of bone metastases will suggest a major change in ther-
apeutic approach.

MM accounts for ~1% of all malignancies and ~10% of hemato-
logic neoplasms. MM may consist of diffuse marrow infiltration, focal
bone lesions, or soft-tissue disease [2], and an accurate assessment of
bone lesions is very important for directing therapy [3].

The usefulness of PET/CT for diagnosing various bone lesions has
been demonstrated [4–12]. The accumulation rate of 18-fluoro-2-
deoxy-D-glucose (18F-FDG) in PET/CT, measured as the standardized
uptake value (SUV), reflects the metabolic status of tumors. De-
termining the maximum SUV (SUVmax) facilitates a diagnosis, and
areas of SUVmax are considered high-yield sites for biopsies. While
diagnosis via histopathology remains the gold standard, correlations
between histopathology and PET/CT characteristics with regard to
bone metastases and MM have not been definitively elucidated. In
China, the previous relevant studies were limited by small or moderate
sample size, or investigations of a correlation between bone metastases
and primary tumors were not conducted [13,14].
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The objectives of this study were to determine the best cutoff value
of SUVmax for differentiating multiple myeloma and bone metastasis,
and to investigate an association between the SUVmax of bone metas-
tases and that of primary tumors, which could be helpful in diagnosis.
We retrospectively collected data from a large number of patients,
treated at the largest cancer hospital in China. We retrospectively as-
sessed the morphologic and metabolic findings of 18F-FDG PET/CT in
patients with osteolytic lesions, and compared these data with their
pathological results.

2. Methods

2.1. Patients

A retrospective search of our institutional 18F-FDG PET/CT data-
base revealed 344 patients (219 men and 125 women; mean age 58 y,
age range 17–86 y) who had received a diagnosis between September
2009 and December 2015 of lytic bone lesions by imaging modalities
such as X-ray, CT, or MRI. All these patients had undergone surgery or
biopsy, and had pathology confirmed the diagnosis. The diseases of
these patients included the following: miscellaneous cancers of the
lung, breast, liver, gastrointestine, esophagus, kidney, ureter, bladder;
prostate, uterus, cervix; pancreas, gallbladder, thyroid, oral cavity, skin,
neuroendocrine system, or thymus; sarcoma; malignancy of the lym-
phohematopoietic system such as MM, lymphoma, and leukemia; and
others including angioendothelioma, chordoma, and benign lesions.
Among them, there were 262 patients with bone metastasis (173 men,
89 women; mean age 57 y, age range 17–86 y) and 62 patients with MM
(36 men, 26 women; mean age 59 y, age range 30–86 y) of MM.

2.2. Inclusion criteria

All lytic bone lesions, with or without soft tissue mass, were in-
cluded in this study. Sclerotic or mixed bone lesions, or lesions with
high 18F-FDG uptake but without obvious bone destruction on CT, were
excluded from this study. In particular, lesions corresponding to os-
teoarthrosis, benign joint disease, or traumas were carefully excluded
from the analysis.

2.3. 18F-FDG PET/CT scans

All 18F-FDG PET/CT scans were performed in accordance with the
standard protocol. Patients fasted ≥6 h and their pre-injection blood
glucose levels were< 120 mg/dL. Sixty to seventy minutes after the
injection of 18F-FDG (dose 0.12–0.14 mCi/kg), imaging was started on
a Discovery ST PET/CT scanner (General Electric Medical Systems,
USA). The scan ranged from the top of the head to the upper femur
level. If there were clinical indications of lower extremity bone lesions,
the scan ranged from the top of the head to the bottom of the feet. The
CT scan was first performed during quiet respiration using the following
parameters: 120 kV, 150 mA, a pitch of 1.75, and 0.8 s tube rotation
time. Subsequently, PET images were acquired in 3D mode (6–7 bed
positions, 2.5 min/position for body and 2 bed positions, and 3 min/
position for the head). The acquired data were reconstructed using an
iterative reconstruction with CT-based attenuation correction.

2.4. Image analysis

Transaxial, sagittal, and coronal images and co-registered images
were examined using Xeleris software (GE Healthcare). All 18F-FDG
PET/CT images were visually evaluated and quantified by two radi-
ologists. In the quantification of 18F-FDG uptake of lesions, SUVmax
was used. SUVmax was calculated as the tissue concentration (mCi/kg)
per injected dose (mCi) per body weight (kg).

2.5. Statistical analysis

Statistical analyses were performed using SPSS software V.17.0
(IBM SPSS). All statistical description data are expressed as mean ±
standard deviation (SD). Comparisons of mean values between groups
were analyzed by the Mann-Whitney U test. Receiver-operating-char-
acteristic (ROC) curve analysis was performed to estimate the best
cutoff value of SUVmax for the differentiation of bone metastasis and
MM. Spearman’s correlation test was performed to investigate an as-
sociation between bone metastases and primary tumors. p < 0.05 was
considered statistically significant.

3. Results

A total of 8896 osteolytic lesions were identified on 18F-FDG PET/
CT. Among them, there were 5492 lesions of MM and 3190 lesions of
bone metastasis. The mean SUVmax of MM (1.6 ± 0.7; range,
0.3–22.1) was significantly less than that for bone metastasis
(5.5 ± 2.7; range, 0.4–30.4; (p = 0.000).

We recorded the respective SUVmax values of bone lesions with soft
tissue mass formation and pure osteolytic lesions. Formation of soft
tissue mass was found in 2% of MM patients, and 7% those with bone
metastasis (Figs. 1 and 2, respectively). The mean SUVmax of lesions
with soft tissue mass formation in MM patients (5.6 ± 3.4) and bone
metastasis patients (9.1 ± 4.7) was significantly higher than the mean
SUVmax of pure osteolytic lesions (1.2 ± 0.9 and 5.2 ± 2.8, re-
spectively; all p = 0.000; Table 1).

The SUVmax values of osteolytic lesions were also significantly
different between MM and each of various histologic cancer types or
other malignant diseases (all p = 0.000; Fig. 3). Among the malignant
diseases, the SUVmax of osteolytic lesions was lowest in MM
(1.6 ± 0.7).

In ROC curve analysis the best cutoff value of SUVmax in the dif-
ferentiation of MM and bone metastasis was 2.65. The diagnostic sen-
sitivity and specificity were 86.1% and 94.7%, respectively. The area
under the ROC curve (AUC) was 0.942 (p = 0.000).

In patients with bone metastases, the osteolytic lesion with the
highest SUVmax was used for the analysis (Table 2). The mean SUVmax
of bone metastases was 5.5 ± 2.7 (range, 0.4–30.4), and the mean
SUVmax of primary tumors was 7.5 ± 4.2 (range, 1.0–28.5). The
SUVmax of bone metastases significantly correlated with the SUVmax
of primary tumors (r = 0.532; p = 0.000).

4. Discussion

Bone metastases and MM are both malignant diseases. On medical
imaging, both appear osteolytic, and therefore they are difficult to
differentiate. In the present study, 262 of 344 patients (76.2%) were
found to have bone metastases, diagnoses that were facilitated by the
evidence of primary lesions. However, the remaining patients (23.8%)
lacked an obvious primary lesion. We compared the results of PET/CT
with the pathological diagnosis, and determined the best cutoff value of
SUVmax to differentiate MM and bone metastasis. We also found a
significant positive correlation between the SUVmax of bone metastases
and the SUVmax of primary tumors. This can be helpful for the iden-
tification of primary lesions in clinical work.

This study showed that the mean SUVmax of MM osteolytic lesions
(1.6 ± 0.7) is significantly lower than that of bone metastases
(5.5 ± 2.7; p = 0.000). Similar findings have been reported by other
authors. Dai et al.’s [13] report concerned 26 patients with MM and 20
with bone metastasis. The SUVmax of MM (3.4 ± 2.0) was sig-
nificantly lower than that of bone metastases (p < 0.05). Li et al. [14]
retrospectively analyzed 21 patients with MM and 41 with bone me-
tastasis and determined respective SUVmax values of 3.4 ± 2.0 and
8.0 ± 4.9 (p < 0.05). In the present study, the best cutoff value of
SUVmax for differentiating MM and bone metastasis was 2.65
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(sensitivity 86.1% and specificity 94.7%; p = 0.000). This is lower than
the differential value of 4.45 reported by Dai et al. [13] (sensitivity
80.4% and specificity 72.4%; p < 0.05). The difference in differential
value may be due to selection bias related to sample size, as Dai et al.’s
sample size was only 46 patients, while our population comprised 344
patients, among whom were 262 patients with bone metastases and 62
with MM. Unfortunately, Dai didn’t mention the standard deviation
range in his paper.

We used SUVmax as the main research parameter in our study be-
cause it is not affected by ROI, and it is the most commonly used
parameter in our clinical work. There are other parameters as well, such

as SUVmean, SUVpeak. We have randomly selected 500 bone lesions
(250 in MM, and 250 in metastases) and measured their SUVmax,
SUVmean and SUVpeak (average SUV in 1 cm3 volume sphere centered
around the hottest pixel) in each lesion. The results were SUVmax:
2.3 ± 1.1 vs. 4.0 ± 2.1, P = 0.017; SUVmean: 1.6 ± 0.9 vs.
2.4 ± 1.5, P = 0.013; SUVpeak: 1.9 ± 1.0 vs. 2.7 ± 1.2, P = 0.015.
The SUVmean/peak of MM was still significantly lower than that of
bone metastases. We need to further study these parameters and the
relationship between them and ROI.

The severity of malignant diseases can affect 18F-FDG uptake
[8,15,16]. In general, only active lesions will show FDG uptake. MM

Fig. 1. A 76-year-old woman with MM. Multiple osteolytic lesions with increased uptake of 18F-FDG are shown on (a) transaxial CT, and (b) fused PET/CT. Parietal
bone lesion had the highest SUVmax, of 5.1. SUVmax of the other lesions ranged from 1.0 to 3.1. Soft tissue mass was found in some osteolytic lesions.

Fig. 2. Transaxial CT and fused PET/CT
images of 43-year-old man with kidney
cancer. (a) Multiple osteolytic metas-
tases with increased uptake of 18F-FDG
(the highest SUVmax 7.3). (b) Of the
Primary kidney cancer (red cross)
showed increased uptake of 18F-FDG
(SUVmax 4.3). (For interpretation of the
references to colour in this figure le-
gend, the reader is referred to the web
version of this article.)
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has a rather low metabolic activity [17,18], and in MM a high uptake of
18F-FDG by tumor cells is associated with the metabolic activity of the
tumor [15]. When solid myeloma nodules are formed, they can be
detected on PET scans [19]. In our study, the SUVmax of MM
(1.6 ± 0.7) was significantly lower than that of any histologic subtype
of cancer or other malignant disease, including sarcoma and lymphoma
(p = 0.000).

PET with 18F-FDG detects tumors according to glucose demand, the

local cell density, and the metabolic activity of the surrounding tissue.
The uptake of FDG is influenced by the tumor type, as well as differ-
ences in blood supply and tumor hypoxia, which further increase FDG
uptake [3]. Unlike bone metastases from most other solid primary tu-
mors, MM has a rather low metabolic activity, because the local cell
density is low. MM releases the RANK (receptor activator of nuclear
factor kappa-B) ligand, stimulating osteoclasts and Dickkopf-related
protein 1 (DKK1). The latter is a protein that inhibits osteoblastic

Table 1
Patient characteristics and SUVmax of each disease category.*

Lytic Mass

Patients, n Lesions, n n (%) SUVmax n (%) SUVmax

MM 62 5492 5393 (98%) 1.2 ± 0.9 (0.3–7.8) 99 (2%) 5.6 ± 3.4 (1.6–22.1)
Bone metastases 262 3190 2955 (93%) 5.2 ± 2.8 (0.4–24.4) 235 (7%) 9.1 ± 4.7 (2.1–30.4)
Lung cancer 148 1456 1326 (91%) 5.8 ± 2.6 (0.7–18.7) 130 (9%) 8.9 ± 4.1 (3.0–27.2)
Gastric cancer 10 482 478 (99%) 5.2 ± 3.2 (0.9–23.8) 4 (1%) 10.8 ± 2.7 (8.5–14.1)
Liver cancer 7 274 266 (97%) 2.6 ± 1.9 (0.4–9.0) 8 (3%) 3.8 ± 2.1 (2.4–8.7)
Breast cancer 6 206 194 (94%) 6.1 ± 2.9 (1.9–20.0) 12 (6%) 10.7 ± 3.9 (5.5–17.1)
Neuroendocrine cancer 7 115 110 (96%) 5.0 ± 1.9 (1.211.6) 5 (4%) 13.4 ± 9.7 (5.9–30.4)
Prostatic cancer 5 93 89 (96%) 4.7 ± 1.5 (0.8–9.7) 4 (4%) 10.2 ± 5.8 (6.2–18.8)
Kidney cancer 12 85 70 (82%) 5.6 ± 2.1 (2.6–14.3) 15 (18%) 7.9 ± 4.6 (2.9–21.1)
Skin cancer 6 85 85 (100%) 4.1 ± 1.8 (0.8–9.1) 0 0
Esophagus cancer 2 59 59 (100%) 5.0 ± 1.8 (2.0–11.6) 0 0
Oral cavity cancer 3 44 44 (100%) 6.8 ± 5.5 (2.0–24.4) 0 0
Cervical cancer 5 36 36 (100%) 4.8 ± 1.7 (2.69.4) 0 0
Uterine cancer 2 19 14 (74%) 6.6 ± 2.3 (4.1–10.7) 5 (26%) 8.8 ± 0.7 (7.8–9.7)
Thyroid cancer 2 16 8 (50%) 5.1 ± 1.1 (3.8–6.7) 8 (50%) 6.4 ± 4.3 (3.8–17.0)
Pancreatic cancer 3 15 12 (80%) 6.7 ± 2.0 (3.2–9.1) 3 (20%) 8.3 ± 1.9 (6.5–10.2)
Thymic cancer 3 10 9 (90%) 4.6 ± 2.0 (2.4–8.1) 1 (10%) 10.7 (NA)
Lymphoma 15 72 53 (74%) 6.8 ± 2.8 (2.0–17.6) 19 (26%) 12.0 ± 7.6 (2.1–28.5)
Leukemia 2 40 40 (100%) 3.0 ± 0.9 (1.2–5.9) 0 0
Sarcoma 11 46 32 (70%) 6.9 ± 2.6 (2.1–12.0) 14 (30%) 8.6 ± 3.4 (2.4–16.4)

*Some results are not shown due to the small number of cases.
NA, not applicable.

Fig. 3. SUVmax of osteolytic lesions in each disease. Among these, MM had the lowest SUVmax (1.6 ± 0.7). The SUVmax of MM was significantly lower than that of
any other malignant disease (all p = 0.000).

X. Li, et al. Journal of Bone Oncology 24 (2020) 100302

4



function and results in lytic bone lesions. MM lesions are hardly de-
tected on PET when only diffuse bone marrow involvement is present
[19]. One study showed that, compared to patients with secretory MM,
oligo/non-secretory MM patients had less extensive bone marrow in-
filtration [20]. Another study indicated that, there was a significant
correlation between SUVmax values and bone marrow biopsy cellu-
larity and plasma cell ratios (r = 0.54 and r = 0.74, p < 0.01) [21].
We speculated that secretory MM might have a higher SUV than oligo/
non-secretory MM. Thus, the SUVcutoff still relevant for all MM patients
regardless of secretory status of MM cells. Unfortunately, in our study,
all the MM patients were secretory MM. We need to further expand the
sample size and include other oligo/non-secretory MM patients to
verify this hypothesis.

The present study also found that the mean SUVmax of bone lesions
with soft tissue mass formation (5.6 ± 3.4) was significantly higher
than the SUVmax of pure osteolytic lesions (1.2 ± 0.9) in MM, and
also in bone metastases (9.1 ± 4.7 cf. 5.2 ± 2.8; both p = 0.000). In
addition, the mean SUV of each of the pathologies (cancer or other
malignant disease including MM) were, respectively, significantly
higher than the SUV of pure osteolytic lesions (all p = 0.000). The
reason for greater avidity for 18F-FDG uptake in osteolytic metastases
with soft tissue mass is unknown, but may reflect a higher glycolytic
rate in this type of metastasis [4,19]. Adams et al. [1] found that cor-
tical destruction and surrounding soft tissue mass in bone lesions
usually indicated a high degree of malignancy.

We found that the formation of soft tissue mass was more common
in bone metastases (7%) than in MM (2%). The percentage of patients
with soft tissue mass was high in those with thyroid, uterine, or kidney
cancer (50%, 26%, and 18%, respectively), but lower in those with skin,
gastric, or liver cancer (none, 1%, 3%). Mizumoto et al. [22] reported
that in 603 patients with bone metastasis from lung, breast, gastro-
intestinal, prostate, and other cancers, 18.4% were observed with soft
tissue formation. Chua et al. [16] noted that bone metastases of kidney
cancer had a higher frequency of associated soft tissue masses than did
most other cancers. In the present study, the frequency of bone me-
tastases with soft tissue mass was high in kidney cancer, but lower in
thyroid and uterine cancer.

Chen et al. [4] reported that hepatocellular carcinoma is susceptible
to formation of soft tissue mass, more so than in other cancer types.
However, the present study found that thyroid cancer was much more
likely than hepatocellular carcinoma to form soft tissue mass: 50% of
thyroid cancer patients developed soft tissue mass, whereas this was
true of only 3% of hepatocellular carcinoma patients. Susceptibility to
the formation of soft tissue mass in bone metastasis may depend on the
type of primary cancer. For cancers with a rich blood supply, vascular
endothelial growth factor (VEGF) is found in abundance and may fa-
cilitate the formation of a metastatic niche and subsequent mass. A
previous study found that patients with bone metastasis had sig-
nificantly higher levels of VEGF, compared with those without bone
metastasis [23].

In the present study, in patients with bone metastases the mean
SUVmax of bone metastases was 5.5 ± 2.7, ranging from 0.4 to 30.4,

while the mean SUVmax of primary tumors was 7.5 ± 4.2, ranging
from 1.0 to 28.5. In most types of cancer (e.g., lung, liver, kidney,
gastric, prostate, neuroendocrine, and skin), the SUVmax of the primary
tumor was slightly higher than that of the bone metastases. In addition,
the SUVmax of bone metastases positively correlated with the SUVmax
of primary tumors (r = 0.532; p = 0.000). These results may aid de-
tection of primary tumors in patients with metastatic bone cancer of
unknown primary origin.

Nevertheless, in breast cancer, the result is just the opposite: the
SUVmax of the primary tumor (5.0 ± 4.9) is slightly lower than that of
bone metastases (6.4 ± 3.1). The cause of this is unclear. A possible
explanation could be that the primary tumor has lower cellular density,
proliferation rate, or number of glucose transporters compared with the
metastasis. In addition, the pathological subtype of the primary tumor
may be related to this result. Dashevsky et al. [24] found that the FDG
avidity of bone metastases, as measured by SUVmax, was lower in
patients with invasive lobular cancer than in those with invasive ductal
cancer, just as primary lobular breast cancers show lower FDG avidity
than do primary ductal breast cancers.

The quality and statistical power of the present research was en-
hanced by the large number of patients, who all had undergone both
18F-FDG PET/CT and surgical biopsy, with the latter subjected to his-
topathological examination. Thus, conclusions regarding 18F-FDG PET/
CT were verified by reference to the pathology report. We also were
able to evaluate various histologic subtypes of malignant diseases, in-
cluding miscellaneous cancers (lung, breast, liver, gastrointestinal,
kidney; prostatic, skin, neuroendocrine), sarcoma, and malignancy of
the lymphohematopoietic system (MM, lymphoma). To obtain a com-
plete evaluation, we analyzed in each patient not only the osteolytic
lesion with the highest SUVmax, but all the osteolytic lesions. Finally,
we studied both pure osteolytic lesions and lesions with soft tissue
mass, and determined differences in FDG uptake.

There are, however, several shortcomings in our study. First, it was
performed in the largest cancer hospital in China, so the results are only
applicable to a similar (Asian) population, and no pediatric patients
were included. Secondly, our results might entail a selection bias re-
lated to the retrospective nature of the data collection. Thirdly, not
every bone lesion detected on PET/CT had histologic proof, as ob-
taining histologic proof of all bone lesions is impractical and unethical,
and would not affect clinical management. Fourthly, the number of
cases of some specific types of cancers was very small, and further large
and multicentric prospective studies are needed to validate our find-
ings. Finally, 18F-FDG may be less sensitive in detecting metastases
from tumors with low FDG avidity, such as carcinoid tumors or some
thyroid cancers [16]. Novel tracers may be introduced in the future that
will overcome the deficiencies of FDG [25–29].

5. Conclusions

Images obtained by 18F-FDG PET/CT can provide both morphologic
and metabolic findings, and hence are a valuable tool in the differential
diagnosis of osteolytic lesions. Osteolytic lesions with a low SUVmax
and no obvious primary lesion often suggest MM. The best cutoff value
of SUVmax in the differentiation of MM and bone metastasis is 2.65. For
patients with metastatic bone cancer of unknown primary origin, the
positive correlation between the SUVmax of bone metastases and the
SUVmax of primary tumors is helpful for the detection of primary tu-
mors.
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Table 2
SUVmax of each cancer.*

Primary tumors Bone metastases

Lung 7.8 ± 3.6 6.1 ± 2.9
Liver 5.4 ± 3.8 2.6 ± 1.9
Kidney 7.7 ± 5.3 6.0 ± 2.8
Gastric 5.6 ± 5.3 5.2 ± 3.2
Prostatic 5.3 ± 2.5 5.0 ± 2.1
Breast 5.0 ± 4.9 6.4 ± 3.1
Neuroendocrine 6.1 ± 2.4 5.4 ± 3.1
Skin 6.7 ± 3.1 4.1 ± 1.8

*Some results are not shown due to the small number of cases.
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