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A B S T R A C T

Skeletal-related events (SREs) are common bone complications in multiple myeloma (MM). However, there are
few real-world reports of their incidence. In this study, a database of oncology electronic health records was
linked to administrative claims data. Patients identified were aged≥18 years and newly diagnosed with MM,
had≥1 clinic visit within 1 month of diagnosis, and≥1 year of follow-up after diagnosis. The study period was
January 1, 2011 to December 31, 2016. 343 patients were included, 35% of whom had a baseline history of any
SRE. During a median follow-up of 25.7 months, 34% of patients experienced SREs after diagnosis. Median time
to SRE was 167 days. Among patients experiencing an SRE, 68% had an SRE within the first year. The incidence
rate of SREs at 1 year following MM diagnosis for patients with baseline history was 103/100 person-years (PY)
versus 16/100PY for patients without baseline history. SRE incidence rates within 3 months of initiating a line of
therapy increased with subsequent lines (line 1: 81/100PY, line 2: 118/100PY, line 3: 150/100PY). Risk of SREs
was similar across different anti-MM regimens, including proteasome inhibitor-based regimens. These results
highlight the importance of continued surveillance and management of MM-associated bone disease.

1. Introduction

Multiple myeloma (MM), the second most prevalent hematologic
malignancy in the adult United States population, is considered a dis-
ease of the elderly [1], with a median age at diagnosis of 69 years and
an increasing incidence with age [2]. The incidence of MM in the
United States has been found to be increasing, possibly because of
earlier diagnosis or aging of the population [3].

Destructive bone lesions are one of the classic defining features of
MM, which also include hypercalcemia, renal failure, and anemia (i.e.,
CRAB criteria [4]). It is estimated that 80–90% of patients with MM
will develop bone lesions during the course of their disease [5,6], with
consequent bone destruction a devastating consequence of MM [7].
The severity of bone destruction has been associated with MM disease
burden [7,8] and prognosis [7,9], and the presence of bone lesions
increases the risk for what has been termed skeletal-related events
(SREs) [9–11], which can include pathologic fractures, vertebral
compression leading to spinal cord compression, and the need for
radiation and surgery to treat bone lesions. SREs, in turn, have been
associated with increased mortality [12], impaired quality of life [13],
and higher healthcare resource utilization and costs [14] for patients

with MM [11].
In clinical trials, treatment with bisphosphonates has been found to

reduce the incidence of SREs compared with placebo or no treatment
[15], and these agents are consequently recommended by clinical
guidelines for patients with MM [11,16–18]. In one seminal study of
patients with MM receiving conventional chemotherapy, patients
treated with pamidronate had a lower rate of SREs than patients treated
with placebo (24% versus 41%; p<0.001) [19]. In a head-to-head
study of two frontline bisphosphonate therapies, the Medical Research
Council Myeloma IX trial showed that compared with oral clodronic
acid, treatment with intravenous zoledronic acid resulted in a sig-
nificant reduction in the proportion of patients with an SRE before
disease progression (27% versus 35%; p=0.0004) and improved
overall survival (median, 50.0 versus 44.5 months; p=0.04) in patients
with newly diagnosed MM [20]. Recently, denosumab, a fully human
monoclonal antibody that binds RANKL, was approved in the United
States for the prevention of SREs in patients with MM [21,22]. This
approval was based on results from the phase 3 482 study, which de-
monstrated that denosumab met the primary endpoint of noninferiority
to the bisphosphonate zoledronic acid for time to first on-study SRE in
patients with newly diagnosed MM and bone disease (hazard ratio
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[HR]=0.98; 95% confidence interval [CI]: 0.85–1.14) [22].
Although the frequency of SREs among patients receiving conven-

tional chemotherapy in clinical trials has been well studied, less is
known about the real-world incidence of SREs, particularly in the era of
novel agents. These novel agents, which include proteasome inhibitors
(PIs) and immunomodulatory drugs (IMiDs), have improved efficacy
outcomes for patients with MM [23]. PIs have certain anabolic bone
activity [24], and there is some evidence that bortezomib can reduce
the frequency of SREs [25,26]; however, this effect requires further
investigation and there are data to support the observation that SREs
remain a frequent complication in the era of novel agents [10,27].

Given the limited contemporary data on the real-world incidence of
SREs in MM, we conducted this study to describe the incidence of SREs
among patients with MM in a real-world setting of outpatient oncology
clinics in the United States.

2. Material and methods

2.1. Data source

Oncology electronic health records (EHRs) contained in Amgen's
Oncology Services Comprehensive Electronic Records (OSCER) data-
base, generated by Flatiron Health (New York, NY, April 30, 2016),
were linked to administrative claims data from the IBM-Truven
Marketscan® administrative claims database and used in this study. The
OSCER database contains EHRs of patients treated at over 265 out-
patient oncology clinics across the United States, representing ap-
proximately 20% of oncology patients nationally. The IBM-Truven
Marketscan® administrative claims database contains health insurance
claims from employer-based insurance plans and covers approximately
350 private payers. Linkage of the 2 databases allows more complete
insights to patients’ health status: details on oncology treatments, di-
agnoses, and lab values are obtained from the EHR, while data on di-
agnoses, treatments, and hospitalizations that occur outside of the on-
cology clinic setting are obtained from the commercial claims database.

2.2. Study design and population

This was a retrospective cohort study covering the time period from
January 1, 2011 through December 31, 2016. Patients were included in
the study population if they were 18 years or older, newly diagnosed
with MM (ICD-9: 203.00; ICD-10: C90.00), had at least 1 clinic visit
within 1 month of diagnosis, had at least 1 year of follow-up after MM
diagnosis, had received anti-MM therapy, and had patient-level data
that was successfully linked between the OSCER and MarketScan da-
tabases. The time period analyzed for a given patient required overlap
in the 2 databases. When data did not overlap, time was censored at the
point where follow-up was shortest. Patient diagnoses, treatment dates,
and administrations were ascertained from OSCER EHRs.

2.3. Measures

The primary outcomes of interest were occurrence of and time to
SRE. SREs were ascertained from diagnosis codes (Supplementary
Appendix) in insurance claims from the MarketScan database and in-
cluded the following: spinal cord compression, pathologic fracture,
surgery to bone, and radiation to bone. Open and closed fractures of all
bones were included in the analysis, including but not limited to: hu-
merus, vertebrae, femur, tibia, fibula, ribs, and skull (Supplementary
Appendix). SREs occurring within 60 days of MM diagnosis were clas-
sified as baseline SREs.

Multiple SREs that occurred within a 21-day span [28] were con-
sidered as a single SRE and ordered based on the following hierarchy:
(1) spinal cord compression, (2) pathologic fracture, (3) surgery to
bone, and (4) radiation to bone. This approach was used because in-
dividual SREs occurring within a limited timespan may be serially

interdependent as described by Aly et al. [28]. The baseline period for
comorbidities was 12 months prior to the MM diagnosis date [28].
Patients were classified as having a history of SREs if these complica-
tions occurred during the 12-month baseline period through 60 days on
or after the MM diagnosis date.

2.4. Calculations

Descriptive statistics (mean/median) were used to summarize the
proportion of patients with an SRE and the time to SRE. Subgroup
analyses were conducted to stratify results by history of baseline SRE,
anti-MM regimen type, and line of therapy. A time-to-event analysis
was also conducted to evaluate the cumulative incidence of SREs and
total number of SREs by type of SRE. A Cox model was used to assess
the relationship between duration of treatment and the development of
SREs.

3. Results

3.1. Cohort characteristics

A total of 343 patients with MM who met the study inclusion criteria
were identified (Fig. 1). Of these, 187 (54.5%) were aged 65 years or
older, 185 (53.9%) were male, and 241 (70.3%) were white (Table 1).
Approximately one-third of patients had an estimated glomerular

MM pa�ents having an office visit 
or treatment within 2 weeks of the 
first MM diagnosis date

N = 4858

MM pa�ents with ≥1 line of an�-
MM therapy

n = 2295

MM pa�ents with eligibility via the 
OSCER criteria

n = 1494

MM pa�ents with ≥12 months of 
con�nuous enrollment on or prior 
to the first MM diagnosis in 
MarketScan

n = 631

MM pa�ents with ≥12 months of 
follow-up

n = 343

Fig. 1. Patient attrition. MM, multiple myeloma; OSCER, oncology services
comprehensive electronic records.
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filtration rate of less than 60ml/min, and 68.8% of patients presented
with anemia.

With respect to baseline history of SREs, 4.7% of patients had a
history of spinal cord compression, 27.4% had a history of pathologic
fracture, 0.9% had a history of surgery to bone, and 8.5% had a history
of radiation to bone.

A total of 220 (64%) of patients received a bone-targeting agent
during the follow-up period. We have previously observed that over
52% of patients with MM in the OSCER database had sporadic usage of
bone-targeting agents [29].

3.2. Frequency of SREs and time to SREs in the overall population

With a median follow-up time of 25.7 months after start of follow-
up (i.e., 60 days after MM diagnosis), 117 patients (34.1%) experienced
a subsequent SRE after start of follow-up (Table 2). The incidence rates
of any SRE and specific types of SREs are shown in Table 3. The in-
cidence rate of any SRE was 46.1 per 100 person-years (PYs) 1 year
following MM diagnosis. The proportion of patients with spinal cord
compression, pathologic fracture, surgery to bone, and radiation to
bone at this timepoint were 1.7%, 18.1%, 0.0% (all surgery to bone
events were reclassified as another type of SRE based on the previously
described hierarchy for multiple SREs occurring within a 21-day span),
and 5.0%, respectively. The distribution of the timing of SREs is shown
in Fig. 2. The median time to first SRE was 167 days after start of
follow-up. Among patients that experienced an SRE, 68% (n=79) oc-
curred within the first year from start of follow-up.

3.3. Frequency of SREs and time to SREs by history of baseline SREs

The proportion of patients who experienced an SRE after start of
follow-up was 61.5% for the subgroup of patients who had a history of
any SRE (n=119) and 38.5% for the subgroup of patients that did not
have a history (n=224) (Table 2). The incidence rate of SREs was
103.2 per 100 PYs for patients with a baseline history (n=58) and 15.9
per 100 PYs for patients with no baseline history (n=21) 1 year fol-
lowing MM diagnosis. The median time to first SRE was 88 days for
patients who had a history of any SRE and 305 days for patients who
did not have a history.

3.4. Frequency of SREs by line of therapy

The incidence rate of SREs in each line of therapy within 3 months
of the initiation of each line increased with each subsequent line (line 1:
81.1 per 100 PYs, line 2: 117.9 per 100 PYs, line 3: 150.3 per 100 PYs).
For patients with relapsed disease (initiated second- or third-line

Table 1
Demographic and clinical characteristics of the MM study population
at baseline.

Characteristic, n (%) N=343

Age at diagnosis, years
18–39 3 (0.9)
40–49 20 (5.8)
50–64 133 (38.8)
65–74 88 (25.7)
≥75 99 (28.9)

Sex
Male 185 (53.9)
Female 158 (46.1)

Race
White 241 (70.3)
Black 52 (15.2)
Asian 2 (0.6)
Hispanic 1 (0.3)
Other 13 (3.8)
Unknown 34 (9.9)

ISS stage
I 57 (16.6)
II 34 (9.9)
III 40 (11.7)
Unknown 212 (61.8)

ECOG PS
0 71 (20.7)
1 41 (12.0)
2 13 (3.8)
3 3 (0.9)
4 1 (0.3)
Unknown 214 (62.4)

Presence of renal impairmenta

Yes 109 (31.8)
No 163 (47.5)
Unknown 71 (20.7)

Presence of hypercalcemia
Yes 29 (8.5)
No 249 (72.6)
Unknown 65 (19.0)

Presence of anemia
Yes 236 (68.8)
No 78 (22.7)
Unknown 29 (8.5)

Baseline/history of SREb

Spinal cord compression 16 (4.7)
Pathologic fractures 94 (27.4)
Surgery to bone 3 (0.9)
Radiation to bone 29 (8.5)

Lines of anti-MM therapy
Line 1 343 (100.0)
Line 2 181 (52.8)
Line 3 90 (26.2)
Line 4 42 (12.2)
Line 5 16 (4.7)
Line 6+ 13 (3.8)

a Defined by creatinine clearance<60mL/min/1.73 m2.
b Patients can be in multiple SRE categories. History of an SRE was

measured during the 12-month baseline period through 60 days on or
after the MM diagnosis date. ECOG PS, Eastern Cooperative Oncology
Group performance status; ISS, International Staging System; MM,
multiple myeloma; SRE, skeletal-related event.

Table 2
Proportion of patients with any SRE and time to first SRE.

Characteristics Any SRE

Time to first SRE during follow-up
(days)

Patients
at risk, n

Patients
with any
SRE, n
(%)a

Mean Median Standard
deviation

Overall 343 117 (34.1) 282.1 167.0 316.3
History of SREb

Yes 119 72 (61.5) 200.9 88.0 262.4
No 224 45 (38.5) 395.9 305.0 351.7

Lines of anti-
MM
therapyc,d

Line 1 343 51 (14.9) 136.0 80.0 152.5
Line 2 181 20 (11.0) 109.7 71.0 169.6
Line 3 90 7 (7.8) 33.6 30.0 13.9
Line 4 42 — — — —
Line 5 16 1 (6.3) 134.0 134.0 —
Line 6+ 13 1 (7.7) 30.0 30.0 —

a There are 15 patients with multiple SREs.
b History of SRE was measured during the 12-month baseline period (prior to

the MM diagnosis date) thru 60 days on or after the MM diagnosis date.
c SREs had to occur during each specified anti-MM line of therapy.
d Time to first SRE was calculated as the number of days between the line of

therapy start date and the first SRE date for the specified line of therapy (i.e.,
first SRE date within specified anti-MM line of therapy − line of therapy start
date+1). MM, multiple myeloma; SRE, skeletal-related event.
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therapy), the incidence rate of SREs was highest at the beginning of
each relapse (Table 4). For patients on second-line therapy, the in-
cidence rate of SREs was 117.9 per 100 PYs at 3 months within in-
itiation of second-line therapy and declined to 82.4 per 100 PYs at 24
months within initiation of second-line therapy. For patients on third-
line therapy, the incidence rate of SREs was 150.3 per 100 PYs at 3
months within initiation of third-line therapy and declined to 116.6 per
100 PYs at 24 months within initiation of third-line therapy.

3.5. Frequency of SREs by duration of treatment

Patients receiving continuous anti-MM therapy (no break greater
than 90 days) had a 46% increased risk of developing an SRE (HR: 1.46,
95% CI: 1.01–2.11) compared with patients who had a break in
therapy. However, when adjusting for numerous baseline covariates,
the risk of SRE between groups was 24% (HR: 1.24, 95% CI: 0.81–1.89).

3.6. Frequency of SREs by type of anti-MM regimen

Anti-MM regimens were classified into three categories: regimens
that contained a PI and an IMiD (PI+ IMiD) regimens that contained a
PI but not an IMiD (PI without IMiD), and regimens that did not contain
a PI (non-PI regimens). For patients receiving first-line therapy, the
incidence rate of SREs within 1 year of frontline treatment initiation
was 82.4 per 100 PYs for PI+ IMiD regimens, 66.1 per 100 PYs for PI
without IMiD regimens, and 57.7 per 100 PYs for non-PI regimens. For
patients receiving second-line therapy, the incidence rate of SREs
within 1 year of second-line treatment initiation was 133.5 per 100 PYs
for PI+ IMiD regimens, 73.2 per 100 PYs for PI without IMiD regimens,
and 77.7 per 100 PYs for non-PI regimens. For patients receiving third-
line therapy, the incidence rate of SREs within 1 year of third-line
treatment initiation was 265.2 per 100 PYs for PI+ IMiD regimens,
93.1 per 100 PYs for PI without IMiD regimens, and 81.6 per 100 PYs
for non-PI regimens.

Table 3
Time-to-event analysis of the cumulative incidence rate of SREs and total number of SREs by SRE type.

Cumulative
follow-up time
(median follow-
up: 25.7 months)

Type of SRE

Any SRE Spinal cord compression Pathologic fracture Radiation to bone

Patients
with SREs,
%

SREs, n Incidence
rate per 100
PYs

Patients
with
event, %

Events, n Incidence
rate per 100
PYs

Patients
with
event, %

Events, n Incidence
rate per 100
PYs

Patients
with
event, %

Events, n Incidence
rate per 100
PYs

3 months 6.1 25 29.6 0 0 0 5.0 19 22.5 1.7 6 7.1
6 months 14.9 77 45.6 0 0 0 12.0 61 36.1 3.8 16 9.5
9 months 19.0 116 45.8 1.2 4 1.6 14.9 95 37.5 4.1 17 6.7
12 months 23.0 156 46.1 1.7 6 1.8 18.1 128 37.9 5.0 22 6.5
15 months 24.5 177 42.4 2.3 8 1.9 18.7 143 34.2 5.8 26 6.2
18 months 28.0 204 41.8 2.6 9 1.8 21.6 163 33.4 6.7 32 6.6
21 months 29.2 224 40.8 2.9 10 1.8 22.4 179 32.6 7.0 35 6.4
24 months 30.6 243 40.4 3.5 14 2.3 22.7 189 31.4 7.6 40 6.7
60 months 34.1 311 38.9 3.5 16 2.0 26.8 248 31.1 8.2 47 5.9

PYs, person-years; SRE, skeletal-related event.
All surgery to bone events were reclassified as either spinal cord compression or pathologic fracture due to all events occurring within 21 days of each other.
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Fig. 2. Time from MM diagnosis to SRE during the follow-up period. No patients had a SRE of surgery to bone during the follow-up period. SREs had to occur more
than 60 days after the MM diagnosis to be considered as a follow-up SRE. Patients had to have at least 12 months of follow-up. MM, multiple myeloma; SRE, skeletal-
related event.
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4. Discussion

In this study, we used a database of oncology EHRs linked with an
administrative claims database to describe the incidence of SREs among
patients with MM treated in a real-world setting based in the United
States. We found that 34% of patients experienced an SRE after start of
follow-up with a median time to first SRE of 167 days (among patients
with a minimum of 1 year of follow-up). Pathologic fracture was the
most common type of SRE in our study. Having a history of SRE was
associated with an increased risk of SREs. Notably, for patients with
relapsed disease, the higher rate of SREs was most pronounced at the
beginning of second- or third-line therapy (time closest to relapse). The
risk of SREs was present even when anti-MM regimens contained a PI.
After adjustment for baseline covariates, the difference in SRE risk
between patients who received continuous or non-continuous therapy
was not substantial. These findings counter a common perception that
once MM is treated and surveilled there are few additional SREs.

Other studies have assessed the real-world rate of SREs in patients
with MM during the era of novel agents. A population-based study from
the United Kingdom found a 32% rate of SREs among patients with MM
who were newly diagnosed between 2004 and 2009 [30]. A 2016 chart
audit of medical records of patients with newly diagnosed MM from
France, Germany, Italy, Spain, and the United Kingdom found that 26%
of patients had≥1 new SRE between diagnosis and disease progression
[31]. An analysis of the Truven Health MarketScan Commercial Claims
and Medicare Supplemental databases found that 58% of United States
patients with MM diagnosed between 2005 and 2011 experienced an
SRE during the follow-up period [14]. The overall SRE rate in our study
(34%) may have been underestimated due to selection bias or recording
bias in the administrative claims database or shorter overall follow-up.
Results from other studies, and our own clinical experience, suggest
that bone events can be underreported in claims data. Some studies
have found underreporting of fractures [32,33], with one study noting
that healthcare professionals cannot reliably code these events [33].

A notable finding from our study was that the risk of SREs continued
to increase with each subsequent relapse, which could be a reflection of
increasing bone destruction as the burden of disease grows in patients
with relapsing MM. This finding highlights the need for continued
surveillance of bone health beyond first-line therapy.

There is some evidence from laboratory and clinical studies that
novel anti-MM agents such as PIs may reduce the risk of SREs in pa-
tients with MM. One study found that consolidation treatment with
bortezomib, thalidomide, and dexamethasone (without administration
of concomitant bisphosphonate therapy) improved levels of bone re-
sorption biomarkers and was associated with a low rate of new SREs
(n=1) in patients with MM who had received autologous stem cell
transplantation (n=42) [26]. However, in our real-world study, the
incidence of SREs was similar regardless of whether patients were
treated with PIs or not.

Consistent with this, one retrospective, single-center study found
that SREs remained a frequent complication with novel agents, with
22% of patients with MM presenting with fractures or requiring
radiotherapy after frontline treatment with regimens based on borte-
zomib or IMiDs [27]. Another retrospective study reported 2-year SRE

rates of 46–76% among patients who received first- and second-line
treatment with novel agents, with or without zoledronic acid [34]. Firm
conclusions regarding the effects of PIs and continuous therapy on the
incidence of SREs cannot be made from our real-world study as it was
limited by sample size and the influence of unmeasured confounding
factors is a potential issue. As this study was descriptive in nature, di-
rect comparisons cannot be made regarding differences in patients
under one treatment regimen versus another. Further studies are war-
ranted to evaluate the possible bone protective effects, if any, of novel
agents used for the treatment of MM.

Our study has several limitations. First, follow-up was a minimum of
1 year and 58% of patients had 2 years of follow-up. Patients were
required to have 1 year of follow-up because due to the nature of claims
data, patients who die shortly after diagnosis are less likely to have
their full medical claims billed and coded than patients who live longer,
which results in an underreporting of SREs for patients with rapid
mortality. However, this requirement may introduce a time bias
whereby patients included in the analysis may have been healthier than
those who died soon after diagnosis and were excluded. Our sensitivity
analyses showed that patients who died soon after diagnosis had less
recorded SREs (20.5% [n=18] of patients who died within 1 year,
n=88) than those with at least 12 months of follow-up. The 42% of
patients with less than 2 years of follow-up may be a contributor to why
fewer patients had SRE in this study compared with other studies.
Clinical guidelines from the National Comprehensive Care Network
recommend that bisphosphonate therapy continue through 2 years past
diagnosis [17], in recognition that the highest risk of SRE occurs during
this time period. Second, the presence of bone lesions was unknown at
baseline. This limited the ability to risk stratify patients at baseline.
However, overall population level results should be representative of
the treated MM population at large. Third, the true rate of SREs may be
underestimated in our study, as administrative claims may not capture
all SREs if they were not billed in insurance claims. Fourth, as noted
previously, the population was selected with patients required to have
matching records in the OSCER and MarketScan databases. This may
have led to an overrepresentation of the working commercially insured
population and an underrepresentation of the elderly retired Medicare
population, leading to an overall healthier population as fewer elderly
patients are represented. Fifth, there was some missing data: Eastern
Cooperative Oncology Group performance status and International
Staging System stage were unknown in 62% of patients. Finally, the
effect of the use of bone-targeting agents on SRE risk was not evaluated
in this study because a comparison would likely be too confounded by
substantial differences in the population that received bone-targeting
agents versus those who did not and further complicated by evaluating
the effect of anti-myeloma therapy on SRE risk. The effect of bone-
targeting agents on SRE risk merits additional study using more com-
plex statistical methods which will be the subject of future on-going
research.

5. Conclusions

In conclusion, this study demonstrates that most patients with MM
experience their first SRE soon after diagnosis or at the beginning of

Table 4
Incidence rate of total SREs by line of anti-MM therapy among patients initiating anti-MM therapy.

Cumulative follow-up time
(median follow-up: 25.7
months)

Line 1 Line 2 Line 3

Patients with
SREs, n

SREs, n Incidence rate
per 100 PYs

Patients with
SREs, n

SREs, n Incidence rate
per 100 PYs

Patients with
SREs, n

SREs, n Incidence rate per
100 PYs

3 months 41 59 81.11 29 43 117.88 17 28 150.29
12 months 65 127 70.44 41 87 94.25 23 55 130.72
24 months 70 140 57.49 43 94 82.35 23 57 116.55

MM, multiple, myeloma; PYs, person-years; SREs, skeletal-related events.
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each relapse. SREs became more common as patients progress through
multiple lines of therapy and the incidence was similar regardless of
whether patients were treated with a PI or not. Among patients ex-
periencing an SRE, multiple SREs can occur, highlighting the im-
portance of continued surveillance and proper management of MM-
associated bone disease.
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